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THE MIC^OSCOl>E. 

HISTORY or THE MICROSCOPE. 

The term mierosoope, dcriv<j^l from the two Greek words 
fiiKpot: small, and crfcoTrew 1 view, and said *o have br(‘n 
first Jiig^ested by Demisianns, is applied to an instrurnejit 
which enables ns to see distinctly and to investigate objects 
[)laccd at a short distance from the eye, or to sec such 
minute objects as, without its aid, would be invisible. The 
('ally liistory of this instrument, like that of many others 
of a scientific nature, is involved in considerable obscurity, so 
that not c\{.m the time of its discovery, nor the name of the 
discoverer, (^•;ll be fixed on with any degree of certainty; but 
as, in its most simple form, the niicrosco 2 )e consisted of little 
or notliing else than the magnifying power or lens, wliich 
must of necessity have been made of glass or some other 
transparent and highly refracting material, its invention may 
with safety be referred to a period anterior to the Christian 
inra. Aristophanes, who lived five centuries before C3hrist, 
speaks in his Clouds of a burning sphere. Seneca, who was 
born during the first year of the Christian lera, and died 
A.D. 65, writes that small and indistinct objects become larger 
and more distinct in form when seen through a globe of glass 
filled with water.* •Pliny, who died in A.r>. 79, mentions 

* “ Literse quamvis minutsc et obscurw, per vitream pilam aqua plennm, 
niajores clariorescpie ccriiuntur.” — Nr*, Qiioist^ lib. i., cap. 7 . 

I 
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the burning propcfEy of lenses of glass, feolen^, the 
N^eb^^S aitfenomlr of»AI?K*^rfe/^who*H&iinS^ m the 
latter part of the first century^ was evidently cognizant of 
the existence of magnifying glasses, and makes use of the 
word refraction in his work on optics. The testimony of 
these ancient writers, however, is only important as proving 
the existence of the microscope in its most simple and rudi- 
mentary form, viz., as an instrument composed of a single 
magnifying glass or sphere, whose chief application appears 
to have been that of concentrating the heating power of the 
sun’s rays. It is, however, certain that the simple micro- 
scope, if we apply this term to every instrument used for 
magnifying objects, first consisted of a sphere of glass or 
globe, of the same material, filled with water; these, no 
doubt, were soon superseded by lenses of a bi-convex figure, 
for, according to Dr. Francis Redi, the latter were in use 
early in the fourth century. ^ To our countryman, Roger 
Bacon, who was born at the commencement of the thirteenth 
century, is attributed the invention of the telescope, the 
camera obscura, the reading glivss, and gunpowder, and, by 
some, the discovery of the microscope, as he speaks, in his 
Opus Mq/usy of principles applicable to it; Record, in 
his work, entitled Chemin dc la Sciencey publisJied in 1551, 
relates that Bacon, whilst at Oxford, made glass which 
exhibited such curious things, that its effect was generally 
attributed to some diabolical power. Some centuries were 
suffered to elapse before the microscope was again noticed, 
and then we read of it in its improved or compound form, 
as being supplied with two or more magnifying powers. 
Several authors, especially lluyglicns, assign the invention of 
the compound microscope to Cornelius Drebbel, a Dutchman, 
in the year 1621, whilst Fontana, a Neapolitan, claims the 
discovery for himself in 1618. According to Borcllus, it was 
invented by Zacharias Jansen or Zansz, or his father Hans 
Zansz, spcctaclc-makcrs at Middleburg, in Holland, about 
the year 1^90; they are said to have presented the first 
microscope to Charles Albert, Archduke of Austria. One 
of their microscopes,” says Sir D. Brewster, in his Tre^* 
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(m Microscopes^ page 2, ^Mvhich they presented to Prince 
Maurice, was in the year 1617 in the possession of Cornelius 
Drcbbel of -Alkinaar, who then resided in Ijondon as mathe- 
matician to King James I., in which place he made micro- 
scopes, and passed them off as being of his own invention.” 
Tliese instruments were said to be six feet in length, and 
consisted of a tube of gilt copper, one inch in diameter, sup- 
ported by thin brass pillars, in the shape of dolphins, on a 
base of ebony, which was adapted to hold the object to be 
examined ; nothing, how'ever, is known of their internal con- 
struction, they were, probably, nothing more than telescopes 
converted into compound microscopes, and there is little 
doubt that they were similar to the one which JEpinus has 
described in a letter addressed to the Academy of Sciences 
of St. Petersburg. We are also told by Viviani, an Italian 
mathematician, in his I^ifo of Galileo, that this gregit man 
was led to the discovery of the microscope from that i>f the 
telescope, and that, in 1612, he sent one to Sigismund, King 
of Poland;” he adds, ‘Hhat tliis philosopher worked twenty 
years at his apparatus in order to perfect it.” But, notwith- 
standing all the above conflicting statements, the credit of 
the invention of the comiiound microscope is given (in this 
country at least) to Zacharias Jansen, in 1590. 

Ijeaving flicn the region of uncertainty, let us now direct 
our attention to matters of a mere tangible nature. With 
the foundation of the Royal Society, in 1660, may be said to 
have commenced a new a3ra in optical science, for not only do 
we now find new microscopes described, but the early volumes 
of the Transactions literally teem with improvements in the 
construction of these instruments, and with discoveries made 
through their medium. One of the first contributors appears 
to have been the celebrated Robert Hooke, who, as early as 
the year 1667, published a work ^^on some physiological de- 
scriptions of minute bodies made by magnifying glasses,” 
entitled Micro(jrapl\ia, which may be fairly styled one of the 
wonders of the day; it is illustrated with 38 plates, and was 
ordered for publication November 23rd, 1664, but did not 
appear until three years afterwards. 

1 * 
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TIic microscope used by ITooke was a compound one 

with three lenses, and is 
shown at fig. 1, and also 
in the sixth figure of the 
first plate of his work, in 
which figure it will be 
perceived tliat he likewise 
represents a method of illu- 
minating opafpic objects, 
practised even at the pre- 
sent day, the plan being to 
place a globe of glass filled 
with salt water or brine 
immediately in front of the 
lamp, the pencil of rays 
from the globe is received by a small planoconvex lens, [ilaced 
with its convex side nearest the globe, by which the pencil is 
condensed upon the object. Hooke also informs us of an 
accurate method of finding the magnifying power of a com- 
pound microscope, than which a belter plan has not been 
suggested in modern times, and as it would be difficult to 
make his description shorter or more intelligible than it is, his 
own words will here be transcribed : — Having rectified the 
microscope to see the desired object through it very distinctly, 
at the same time that I look upon the object through the glass 
with one eye, I look upon other objects at the same distance 
with my other bare eye; by which means 1 am able, by the 
hel 2 > of a ruler divided into inches and small jiarts, and laid on 
the jiedestal of the microscope, to cast, as it Avere, the mag- 
nified appearance of the object upon the ruler, and thereby 
cxairtly to measure the diameter it appears of through the 
glass, which being compared with the diameter it appears of 
to the naked eye, Avill easily afford the quantity of its mag- 
nifying.” To Hooke also belongs the merit of having first 
made globulb lenses of high power, an invention which Hart- 
soeker has also claimed; but if the dates of the works of 
these resjiective authors be consulted, it will be seen that the 
Microcfraphia of Hooke was published in the same year that 



Fig. 1. 
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Ilartaocker was born. Hooke describes exceedingly well tluj 
process of making globule lenses, which is as follows: — “If you 
take a clear piece of Venice glass, and, in a lamp, draw it out 
into fine threads, and then hold the ends of these threads in 
the Samey until they melt, they will run into a small round 
globule or drop, which will hang to the end of the thread; 
having made a number of these, they arc all to be stuck upon 
the end of a stick with a little sealing-wax, with the threads 
standing ujijiermost ; these ends arc to be ground otl first on a 
whetstone, and then polislied on a metal plate with tripoli. 
The lenses thus finished, if placed against small hole made 
in a thin piece of nuital, and fixed there with wax, will both 
magnify and make some objects more distinct than any of the 
great microscopes can do.” 

The optical part of the microscope of Hooke consisted of a 
small object-glass, a field-glass, and an eye-glass; whf'ii lie 
wished to (‘xaiuinc the parts of an objcjct more a(5curately, he 
removed the middle or field-glass, and by that means he 
states he olitained more light and better definition. The 
compound body was of the shape represented by fig. 1, and 
when shut up was seven inches in length, and three inches in 
diameter, but was capable of being dniwn out like a telescoi)e, 
being supplied with four tubes or slides ; it was also capable 
of being in^ined at any angle by means of a ball and socket 
joint, as represented by fig. 1.** Coeval with Hooke were 
J'-ustachio Divini, of Rome, and S. Campani, of Roh)gna, the 
fonner of vhoin, in the year 1668, published, in the Philo- 
sophical Transaction^ an account of his microscope, which 
consisted of an object-glass and field-glass, like tliat of Hooke, 
but, instead of a double convex eye-glass, he substituted two 
planoconvex lenses, which toucli^d each other in the middle 
of their convex surfaces ; by tliis aiTangement a flat field of 
view was obtained, at the same time with a considerable 
amount of magnifying power. It is said,* that the compound 
body of this instrument, when shut up, was sixteen inches 
long, and as large in circumference as a man’s tliigh, and that 
the eye-glass was e«iual in size to the palm of the hand; its 
* Chevnlicr Dta M icDSt opes et de leur nsa^r^ ]>. lo. 
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power was increased by draw tubes from 40 to 140 times. 
The latter, S. Campani of Bologna, was also a maker of 
telescopes and microscopes, and a successful rival of the former, 
his instrument was somewhat similar to that made by Divini, 
being on the principle of an inverted telescope. Campani’s 
lenses arc said to have been worked on 



Fig. 2. 


a turn-tool, and not moulded. In 1672, 
we find that S. P. Salvetti made micro- 
scopes in imitation of those of Divini 
and Campani, which were found to far 
exceed those of the above-mentioned 
artists in their magnifying and defining 
powers ; but we arc not told in what 
points of construction these instru- 
ments differed from those of his prede- 
cessors. 

In the year 1673, the name of the 
immortal Leeuwenhoek first appears 
in the Philosophical Transactions of 
this country, as a discoverer of nu- 
merous wonders by aid of the micro- 


scope; liis instruments, which were composed of single lenses, 
are said to have been greatly superior to all that bad been pre- 


viously made. According to Baker, 



they, were also remarkable for their 
simplicity, each one consisting of a 
single lens set between two plates of 
silver, perforated with a small hole, 
with a moveable pin before it, to 
place the object on and adjust it to 
the eye of the beholder. It has 
been" stated by many authors,” says 
Baker ( On Microscopes^ vol. ii.), that 
the magnifiers used by Leeuwenhoek 
were globules or spheres of glass, like 
those invented by Hooke, but such 


3 . i» not the case ; he assures us that in 

the cabinet of the twenty-six micro- 
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' scopes, left by that famous man at his death to the Royal 
Society as a legacy, each instrument has a double convex 
lens, and not a sphere or globule.” 

An account of these microscopes was drawn up by Baker, 
in 1740, and published in the Philosophical Transactions for 
that year. Fig. 2 is a front view of the instrument, 
and fig. 3 a back view, both being of the exact size of the 
original : «, fig. 2, represents a flat plate of silver, which is ri- 
vetted to fig. 3 by rivets, b hh; between these plates a small 
double convex lens is let into the socket, and a hole drilled 
in each plate for the eye to look through the lens at c; a 
limb of silver, rf, is fastened to the plate, a, by a screw, <?, this 
has another piece of silver joined to it at right angles, /, fig. 3, 
through this a long fine-threaded screw, //, runs, which turns in 
and raises or lowers the stage. A, whereon is fastened a pin, i, 
for the object to be attached to ; this pin can be turned about 
by the little handle, A, and the stage itself .s adjusted to or 
from the lens by the screw, /, which passes through the stage 
in a horizontal position, and when the screw is turned, the 
stage is forced from or brought nearer to the lens at c. 

‘‘ All the parts of these microscopes,” says Baker, are of 
silver, and fashioned by Mr. I-iceuwenhoek’s own hand, and 
the glasses, which are excellent, were all ground and set by 
himself, cagfi instrument being devoted to one or two objects 
only, and could be applied to nothing else. This method 
induced him to make a ndcroscope with a glass adapted to 
almost every object, till he had got some hundreds of them. 
The highest magnifying power was 160 diameters, and the 
lowest 40.” 

About this time, the end of the 17th century. Sir Isaac 
Newton was in the zenith of his glory; having discovered, in 
1672, the tlieory of light and colours, he was led to the im- 
provement of tlie telescope, by substituting mirrors for lenses, 
and he commences his memorable paper in the Philosophical 
Transactions with tliese words: — "When 1 Jiad found that 
light consists of rays differently refrangible, I left off my 
glass works, for I saw that the perfection of telescopes was 
hitherto limited not so much for want of glasses truly figured, 
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as because that light itself is a heterogeneous mixture of dif- 
ferently refrangible rays.” ITa\Tng constructed a telescope on 
the reflecting principle, Newton was soon led to apply the 
same principles to the microscope, and we find that in the 
year 1G72 he invented the first compound reflecting micro- 
scope, since so greatly improved by Amici, Cuthbert, and 
Dr. Goring. Newton also suggested that the compound 
refracting microscope would be rendered more perfect ‘‘if 
the object to be viewed wci’c Illuminated in a darkened 
room by light of any convenient colour not too much com- 
pounded;” in fact, monochromatic light. 

In the year 1698, Philip Ponnani, in his work entitled 
Observationcs circa viccntia^ qucB in Rebus non viventibus repe- 
riuntiir^ describes a compound microscope in use by him. 
This microscoj)e, which is represented by fig. 4, was placed 



Fig. 4. 


on a stand in the liorizonhil position, and was provided 
with a stage for the objects ; and, Avith a coarvsc and fine 
adjustment to the compound btxly, the former Avas obtained 
by means of, a rack and pinion, which moved the entire 
frame-Avork, supporting the compound body, Avhilst the latter 
Avas cflected by a scrcAv in the end of the body Itself near 
lo the object glass; and to steady the opposite end of the 
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body, a triangular support was j^rovidcd, on which the body 
was readily turned. In order to make tlie light of a lamp, 
or even daylight, more efficient, this instrument was supplied 
with a short tube, in which were two double convex lenses, 
as ill a magic lanthorn, which served to condense the light 
upon the object. 

A work entitled Oculus Artificialis Telcdiojjtricus^ &c., 

was published at Nuremberg, in 
1702, by Jean Zahn, in which 
were contained numerous curious 
aphorisms, and a description of 
many compound microscopes, and 
amongst others, two binocular 
ones, and also a figure of the 
microscojie of Francis Grindelius, 
represented by fig. 5. It will 
be seen that this instrument was 
used for opaque objiicts, and that 
its optical part consisted of six 
planoconvex lenses, but of its size 
we have no record. 

About this period, 1696, we 
find that Mr, Stephen Gray^ 
of the Charterhouse {Philosophical Transactions^ No. 221, 
p. 280), suggests that globule 4enscs should be formed of 
small pieces of glass melted into a globule on charcoal by 
means of a blow-pipe ; but finding that be could not always 
succeed, and that on the side 11^)011 wliich they rested on the 
charcoal they were more or less flattened or opaque, he was 
led to the construction of his water microscope; this was 
nothing more than a drop of that fluid lifted up Av ith a pin 
and dei)ositcd in a small hole in a piece of brass. The drop 
retained nearly a splicrical form, and showed objects with 
some degree of disti nctness. 

ITe subsecpicntly contrived the apparatus rtqu’escnted by 
fig. 6, to be used as a Avater microscope: a h is called the 
fi*amc of the mii‘roscopo, and was made of brass one-six teen th 
of an inch thierk ; at a is a small hole onc-thirtictl of aji inch in 



Fig. 5. 
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diameter, to contain the water, which can he dropped into it 
by a pin or large needle, and there forms a double convex lens 
of water: c d e ia another piece of brass, 
well hammered, so as to be springy, and 
called the object supporter; it is attached 
to the plate a by by the screw e; it has a 
point for opaque objects at fy and a hole for 
fluids at Cy both of which can be brought 
oiqiosite to the lens and can be made to 
approach or recede from the lens by turning 
the screw g in the round plate. This screw 
is attached to the object supporter c d e, and 
passes throught it to the plate a by against 
which it works. The sii 2 >portcr, being made 
springy, obeys readily the turns of the sere w g, 
Mr. Stephen Gray was also the inventor of a simple reflecting 
microscope, represented by fig, 7. A represents a brass ring. 




one-thirtieth of an inch thick, whose inner 
diameter is about two-fifths of an inch. 
Having dissolved a globule of quicksilver in 
one part nitric acid and ten parts water, he 
rubbed with it the inner surface of the 
ring, which became silvered : having wiped 
it dry, he put a drop of quicksilver within 
it, this, when pressed with tlie finger, 
adhered to the ring, and formed a convex 
speculum. When the ring was taken up 
carefully and laid on the margin of the 
cylinder B, the mercury sank down and 
formed a concave reflecting speculum. 
The cylinder B is supported by a pillar. 



Fig. 7. 


attached to the foot D; CC, F, G, repre- 
sents a stage, which is capable of being 
raised or depressed by the screw on the 
I)illar. The object is placed on the ring G, 
and is adjusted to the focus of the speculum 
by the abovementioned screw. 


This ingenious gentleman, also in May, 1697, suggested the 
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plan of making lenses by letting drops of water fall on pieces 
of plane glass wliich form themselves into planoconvex lenses, 
and he found that they magnified greatly; but as the fluidity 
of the water obliged him to keep the glass horizontal, he was 
led to try isinglass dissolved in hot water, whereby the drops, 
when cold, although less transparent than the pure water, 
nevertheless allowed of these lenses being used in any position, 
a plan which many years after was followed up and greatly 
improved by Sir David Brewster, who employed minute drops 
of varnish or other viscid fluids placed on the thin pieces of flat 
glass. When the lens so formed was required to be very 
convex, the glass was held so that the drop was downward ; 
but when less convex, then the drop was allowed to dry with 
the plate of glass downwards. 

In the year 1702, we find in the Philosophical Transactions 
a description of the pocket microscope of Mr. J. Wilson, 
who, following the opinion of Hooke, that single magnifying 
glasses, when they can be used, are preferable to microscopes 

composed of two or more 
magnifying glasses, was led 
to the construction of this in- 
strument, which, from its fre- 
quent mention by Baker and 
other authors, appears to 
have had a far-famed cele- 
brity, and, indeed, many 
specimens of it are still to 
be met with ; one of the ear- 
liest forms of this instrument 
is represented by fig. 8. The 
body, A A A A, which was 
made eitlier of ivory, brass, 
or silver, was of a cylindrical 
figm‘e, and about two inches 
in length, and •one inch in 
diameter ; to the lower end, B, 
the magnifiers are adapted, 
a piece of tube, D, having at 
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the end, C, a convex glass, and on its outside a male screw. 
Three tliin plates of brass, E, are made to slide easily in the 
inside of the body to form the st'igc, one of these plates, 
F, is bent scini-circularly in tlie middle, for the reception of 
a tube of glass, for viewing the circulation of the blood in 
small fish, whilst the other two are flat, and between these 
last all the object sliders are introduced ; between the stage 
and that end of the body into which the magnifier screws 
is a bent spring of wire, H, this answers the purposes of 
keeping the objects fixed between the plates of the stage, 
and of pressing the stage firmly against the screw-tube. 
The magnifiers supplied with this mieroscope were eight in 
number, and the objects were adjusted to their focus by 
the screw-tube, D, for whicli purpose the screw was made 
of nearly the same length as the body. This instrument 
was held in the hand in such a position, that the direct light 
from a candle or lamp might pass directly into the condensing 
glass; it was subsequently much ijuproved by the addition 

of a spiral spring, instead 
of the curved one, and of 
a handle which screwed 
into the body at right an- 
gles to its length, and 
served the purpose of keep- 
ing the body in the hori- 
zontal position. 

Mr. Wilson was also the 
inventor of a microscope for 
opacpie oV)jects, represented 
by fig. 9; this consisted of 
a tliin piece of flat brass, 13, 
about six inches long and 
half-an-inch wide, one end 
of which served as a handle, 
and to the other. A, the mag- 
nifier was screwed ; con- 
nected with the middle of 
this piece of brass by a hinge was a jointed arm, PP, 
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carrying at its free extremity a sliding wire, G, to one end 
of which was attached a pair of forceps, I I, and to tlie 
other a small disc of ivory, II, blackened on one side and 
white on the other ; the arm was capable of being adjusted 
to or from the lens by means of a screw, C, having a nut 
with a milled head, D ; the spring, E, served to keep the 
lens holder, A B, in contact with the nut ; this form of in- 
strument is in use at the present day, and a modification of it 
was adopted by the celebrated Lieberkuhn about forty years 
aftcrwai*(ls. 

The wonderful discoveries of Leeuwenhoek made by the 
single microscope, gave to this kind of instrument an universal 
re{)utation, and we find, accordingly, that the compound t'orm 

was laid aside for 
a time, and the 
pocket microscope 
oi Mr. Wilson was 
in great demand. 
Upwards of thirty 
years, however, 
were suffered to 
cla])sc before any 
step was taken (in 
this country, at 
least) towards the 
imj^rovement of 
this instrument ; 
the compound mi- 
croscope, then in 
use, was the con- 
trivance of Mr. 
John Marshall, 
and, from its un- 
wieldy nature, was 
very * little em- 
ployed. It was, 
however, the first 
of the compound kind mjulc for sale in Englind, and is 
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represented by fig. 10. It consists of an octagonal base of 
wood, Zy which supports a square pillar of brass, I A, having 
a ball and socket joint at m. On the pillar, I ky an arm, d, 
carrying the compound body is made to slide up and 
down, and above it another smaller arm, gy which has a screw 
for tightening it at A; y* is a long screw attached to the 
arm, dy carrying the compound body, and when the arm g 
is fixed by the screw A, the nut i will raise or depress 
the compound body; p is the stage, wliich is fixed to the 
pillar by the arm n n and the nut o, a fish is laid on it 
for examination; r is a convex lens, for concentrating on 
the stage the rays of light from the candle, Sy which was 
placed on a stool, or on the ground, whilst the microscope 
stood on the edge of a table; v is tenned a leaden coffin, 
for putting over the fish to keep it from moving. The 
optical part of this microscope consisted of two convex lenses, 
forming the eyc-piccc in the compound body, and of six 
magnifiers, which could be screwed to the tube c. The 
pillar, I ky was marked with the numbers 1, 2, 3, &c., to 
show the respective distances of the magnifiers from the 
object. There was no mirror to this microscope, but direct 
light could be used when the body, by means of the ball and 
socket-joint, was turned horizontally. A drawer, ty in the 
stand, Zy served to contain the magnifiers and other appa- 
ratus. This instrument wjs subsequently much improved 
upon by Mr. Culpeper and Mr. Scarlet, and will be pre- 
sently described. 

In 1738, a new aera in microscopic science presented itself, 
viz. : the invention, by Lieberkuhn,* of the solar microscope, 
and of a concave silver speculum for \dcwing opaque objects, 
which still bears his name, both of these instruments were 
subsequently greatly improved upon by our countryman, 
Mr. Cuff. The solar microscope, as invented by Lieberkuhn, 
could not be employed unless the sun’s rays fell directly upon 
a condensing lens, therefore its use was limited to a short 
portion of the day. Cufl^ however, applied a moveable 
mirror to it, and made it more available for general use. 

* Dr. Nathaniel Lieberkuhn of Berlin. 
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Lieberkuhii himself exhibited his microscopes to some Fellows 
of the Koyal Society of London in 1739. 

The solar microscope, as improved by Mr. CuflF, for a 
length of time created great wonder and astonishment; it 
was principally used for the exhibition of animalcules, and the 
circulation of the blood in the newt, frog or eel; and was 
also recommended for getting the exact figure of objects on a 
large scale, the image being received upon a screen of paper, 
on which the outline was traced either with a ])en or pencil ; 
when the paper was sufficiently thin, the artist, stjinding 
behind the screen, was enabled to draw the image much 
better than when standing in front of it, and with this great 
advantage, that the shadow of the hand did not interfere with, 
or obstruct, any portion of the light. 

By far the most useful of Licberkuhn’s microscopes, how- 
ever, was the one for viewing oj)aquc objects, by means of which 
he made so many importa t discoverit s in 
the minute structure of the mucous mem- 
brane of the alimentary canal, as to im- 
mortalize his name. The most simple 
form of this instrument is represented by 
fig. 11; it is not unlike the pocket micro- 
scope of Wilson, represented by fig. 9, 
being also held in the hand by the handle, 
« is a flat piece of brass attached to 
the handle,/?, it supports the lens holder, /, 
and through it passes the screw, hy which 
is connected to the back-plate, c; a spring, 
c, keeps the plates a, c, apart, and the nut, 
dy adjusts the lens to the focus of any 
object placed either on g or A. But tlie 
chief point of merit in its construction 
consists in a concave speculum of silver, A, 
highly polished, to the centre of which the 
iiiagnifying glass, /, is adapted ; this being 
screwed into the ring, iy an3 the object 
being fixed upon the point, or held in 
the forceps. A, the instrument is placed 




16 


PRACTICAL TREATISE ON 


in such u position, tli.nt the light Iroin the sun, or bright 
cloud, being received upon the spcculuni, tlie rays are con- 
centrated upon it, and it becomes brightly illuminated, and 
is adjusted to the focus of the lens by turning the nut, d ; 
all loss of time in tlie screw being prevented by the 
spring, e. The speculum, is that part of the instrument 



which is the most important, and is 
in general use even in the present 
day. Licberkuhn was also celebrated 
for his beautiful injections of the 
minute tissues and organs of verte- 
brate animals ; many spc'cimcns of 
which are still extant. 

In the museum of the lioyal College 
of Sm*geons of England, there is a 
small cabinet of two drawers, con- 
taining twelve 
of these valua- 
ble relics, each 
injection being 
A provided with 
a separate mi- 
croscope, of the 
form shown by 

fig. 12. A B 
represents a 
piece of brass tube, about an inch 
long, and an inch in diameter, pro- 
vided with a caji at each extremity, 
the one at A carries a small double 
(convex lens of half an inch in focal 
length, whilst the one at B carries a 
condensing lens three-quarters of an 
inch in diameter. 

A vertical section of one of these 
instruments is seen at fig. 13. A 



P'ig. 12. represents the magnifier, which is 


Iwlgcd in a cavity, formed by the 
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cap A and partly by the sliver cup or si^oculuni /. In 
front of* the lens is the speculum /, a <piartei* of an inch 
thick at its edge, having a focus of half an inch, and in 
front of this there is a disc of metal c, three-eighths in 
diameter, connected by a wire with the small knob 1 ) ; upon 
this disc the injected portion is fastened, and is covered 
over with some kind of varnish which luis dried of a hemi- 
spherical figure. Between this knob and the inside and out- 
side of the tube there arc two slips of thin brass, which 
act as springs to keep the wire and disc stctuly. When 
tlie knob is moved, the injected object is carried to or from 
the lens, so as to be in its focus, and to be seen distinctly, 
whilst the condensing lens B serves to concentrate thcj light 
on the S2)cculiirn. To the lower jmrt of the tube a handle 
of ebony, about three inches in length, is attached by a 
brass fcri'ule and two screws. The use of this instrument is 
obvious; it is held in the hand in such a posidon, that tiie 
rays of light, from a lamj) or white cloud, may fall on the 
(jondenser B, and by it be concentrated on the speculum /, 
which again further condenses them ui>on the object on the 
disc C; the object, so illuminated, can readily be adjusted by 
flie little knob D, so as to be in the focus of the small 
magnifier at A. 

The injectofl 2^rci)arations in these twelve microscopes, now 
nearly a century old, are remarkaUly beautiful, and the only 
injury which they have sust.dned, is that of the cracking 
of the vaiTiisli. Lieberkulm’s j)rincipal researches were 
confined to the minute structure of the imicous membrfine 
of the alimentary canal; and for the investigation of these 
oj)a.(pie 2)arts, he is said to have invented the silver S2)cculuin 
bearing his name, although, from a dcscnj)tion and figure 
in the works of Leeuwenhoek,* one would be inclined to 
suppose that that illustrious man was cognizant of its prin- 
ciples and use. 

The other microscope which Lieberkuhn used fior the ex- 
amination of the mucous membranes, and the circulation of the 
blood and chyle in the mesentery of small animals, is repre- 
* Vol. ii p. 280 , JF'frAf hy lloole. 


2 
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sented by figs. 14 and 15, and will be found to be accurately 
described in a work entitled Dissertationes quatuor Johannis 

N. Lieberhuhn^ col- 
lected and revised by 
J ohn Sheldon, sur- 
geon, 1782. It con- 
sists of a plate of 
copper or brass, about 
one-eighth of an inch 
thick, twelve inches 
long by eight broad, 
and fashioned into the 
shape represented by 
the figures. It is sup- 
ported, in a vertical 
position, on a tripod 
stand, the back of the 
instrument is repre- 
sented by fig. 14, and 
the front by 15. At 
each corner there is 
a small sliding wire, 
H II, with a hook at 
one civb and opposite 
to the three holes in the plate marked A B and C are 
four smaller hooks, h h, the former are for the purpose of 
fixing into the legs of any small animal, the circulation in 
whose mesentery, either of the blood or of the chyle, is 
about to be examined; and the latter, or the small hooks, 
are used for bringing successive portions of the mesentery 
opposite the holes. 

The part of the microscope carrying the magnifying powers 
is attached to the plate by pegs ; it consists of a thin plate of 
brass, 1, fig. 15, to which plate is attached another, 2, by a 
rivet, 3, this last plate is a little curved, and is also made 
elastic; in its centre is a screw, 4, and at its free end is 
a hole, 5, into which the magnifier screws; a section of 
this part of the microscope is seen in fig. 16, where A re- 



Fig. 14. 
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presents the connection of the two plates by a rivet, and B 
the bend in the top or lens holder, C the screw for adjust- 
ment, and D the hole into which the lens E screws. Tiie 




Fi;;. 15 


Fig. 16. 


animal being properly secured by the large hooks, and the 
portion of it to be examined being brought before the hole B 
by the small hooks, the microscope is so placed, that the light 
from a window or lamp may pass through the hole, the arm 
provided with the lens being brought opposite the hole, 
and over the piece of brass, 1, the lens can be adjusted to or 
from the object by the screw, 4, and the plate being curved 
and elastic, will always obey the turns of the screw. This 
form of instrument appears not to have been constructed for 
sale in this country, and was never improved upon like the 
solar microscope, or that for opaque objects. It, no doubt, was 
entirely superseded by others more generally useful. 



20 PBACTICAL TREATISE OJ^ 

At this time, 1740, wc find many makers of eminence 
residing in the metropolis, amongst whom, the names of 
Cliffy Benjamin Martin, and Adams, require especial notice. 
Mr. Cuft* has already been mentioned as the improver of the 
solar microscope and of that for opaque objects, both ot' 
which were of Liebcrkulin’s invention, and wc find that in 
the year 1747 ho improved for Martin Folkcs the iiockct 
microscope of Wilson, by fixing it to a stand, and by Julding 
a mirror to it; he subsequently improved the stand by 

mounting the lens on a moveable 
arm, and making the stage to 
slide up and down on a square 
stem ; the instrument in this im- 
proved form was used by Ellis in 
his examinations of coral lines, 
and a figure and description of 
the same is given in his work on 
Zoophytes, published in 1756, 
The cumbrous compound instru- 
ment of Mr. Marshall, before 
described in page 13, Avas, in 
1750, improved by Mr. Culi)eper, 
and INIr, Scarlet; they first em- 
ployed a concave mirror for rc- 
^ fleeting the light through the 
object and the compound body. 
Their instrument is represented 
by fig. 17, it Avas composed of 
tAvo tubes, a hy either of Avood 
or paper, sliding one Avithin the 
other; to the tube a Averc attached 
the pillars c d, c rf, Avhich rose 
from the base, <?, and supported the 
round stage, (/, in which Avas a 
large circular hole for a spring 
Fig, 17. object holder to be fixed, and 

some smaller holes for the re- 
ception of the forceps, small condensing lens and fish-pan. 




THE MICROSCOPE. 


21 


To the inner tube, all the optical apparatus was adapted, the 
magnifiers, from four to six in number, being screwed to the 
end of the small tube, *, and the eye-piece, which consisted of 
two convex lenses, being fitted into the wooden top of the com- 
pound body, b. A concave mirror, ky was used for reflecting 
the light, and a drawer, fy in the base, e, served to contain all 
the magnifiers and other parts of the apparatus. The only 
adjustment for focus with which this microscope was pro- 
vided, was that accomplished by sliding the tube h up and 
down in the outer tube «, the tube h being marked witli 
lines at //, to denote the distances through which it shoidd 
be moved for the diffeixmt magnifying powers. This instru- 
ment was subsecpiently much improved in shape, and was 
made either of brass or silver, and a rack and pinion were 
used for the adjustment. It was in great demand at one 
time, and, with its pyramidal case and drawer with apparatus, 
may even noAv be frecpiently seen exposed for sale. This 
microscope was styled the double reflecting one, and was the 
first instrument to which the concave mirror was applied for 
illuminating transparent objects, the mode of mounting it 
being similar to that now adopted. 

In the year 1744, we arc told by Baker,* — ‘^Tluit the 
microscopes of Hooke and Marshall having been reduced to a 
manageable size, improved in their structure, and supplied 
with an easy way of enlightening objects by a speculum under- 
neath, and. In many other respects, rendered agreeable to the 
cunousy by Mr. Culpeper and Mr. Scarlet. Some further 
alterations were, however, wanted to make this instrument of 
more general use, as I fully experienced in 1743, when 
examining daily the configurations of saline substances, the 
legs were continual impediments to my turning about the 
slips of glass, besides pulling the body of the instrument up 
and down, was likewise subject to jerks, which caused a 
difficulty in fixing it exactly at the focus : there was also no 
good contrivance for viewing opaque objects. Complaining 
of these inconveniences, Mr. Cufli the optician, ajiplied Iiis 
thoughts to fashion a nncrosco 2 )c in another manner, leaving 
* Vol. ii., Emphynicnt for the Microscope, p. 422. 
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the stage entirely free and open by taking away the legi^ 
applying a fine threaded screw to regulate and adjust its 
motions, and adding a concave speculum for objects that are 
opaque.” Tliis microscope was made entirely of brass, and 
was fastened to the top of a box, by a scroll or bracket,, 
from which rose two fiattened pillars, one having a horizontal 
arm, was made to slide up and down against the other, 
and carried the compound body, the coarse adjustment of 
which was effected by this movement, but the fine, by a 
screw two inclics in length, fixed to the back of one of the 
pillars, and when its nut was secured by a screw, which 
clamped the sliding pillar, then the body could be moved 
slowly up and down. The stage, somewhat of the shape 
of a cross, had several holes in it, for the reception of 
the condensing lens, forceps, and fish-pan. The lower part 
of the compound body was cylindrical for the space of two 
or more inches, and marked with numbers corresponding to 
those of the lenses, upon this, a Lieberkuhn with a long 
tube was made to slide, and when set to the figures there 
marked, an object placed on the stage would be in its focus. 
In the year 1747, Mr. Cuff invented a micrometer for this 
instrument; it was made of a lattice of fine silver wires, distant 
from each other one-fiftieth part of an inch, intersecting at 
right angles, and so placed in the focus of the eye-glass, as to 
divide the whole visible area of the microscope into square^ 
whose sides were each one-fiftieth of an inch. The microscope 
of Benjamin Martin, described in a work published at Reading 
in 1746, was of the compound form, and axlapted for being 
carried in the pocket ; it was of a cylindrical shape, like the 
body of Culpeper’s, and, like it, the adjustment was made by 
sliding one tube within the other, the mirror was placed in 
the bottom of the tube in an inclined position, and was not 
capable of being moved. It was also supplied with a screw 
micrometer of a peculiar construction, which had, on the out- 
side of the body, a dial-plate and hand resembling the face 
of a watch. To this ingenious optician we are indebted for 
the invention of the hand magnifier, with one or more lenses, 
which has undergone little or no change since his time. We 
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are told that Benjamin Martin greatly improved the micro- 
scope of Cuff before described, by the addition of a joint, so 
that the compound body might be inclined to any angle, and 
also by the setting of all the lenses in a circular disc of brass, 
which was capable of being revolved in such a manner, that 
each lens in succession might be brought under the com- 
pound body; this did away with the necessity of screwing and 
unscrewing when the powers were required to be changed. 
The compound body could be removed from the lenses, and 
the lenses themselves then constituted it a single microscope, 
the arm which supported them was capable of being moved 
backwards and forwards by means of a rack and pinion, a 
plan now in use. 

In the year 1746, a philosojihical instrument maker of 
some eminence, named George Adams, publislicd a qiiai-to 
work, entitled Mierographia lllustrata; or, the Knowledge of 
the Microsc02>e Exjdained. In this work were cortained a 
description of the nature, uses, and magnifying powers of 
microscopes in general, together with full directions how to 
prepare, apply, and examine, as well sis preserve, all sorts 
of minute objects. This work was the first of the kind 
pul)lished in this country, and contributed not a little to 
the advancement of microscopic science. The microscopes 
made by Adams were of two kinds, the single and the 
compound; their cliicf peculiarity consisted in the arrange- 
ment of the lenses, wliich were six in number, and were all 
set in a large plate of brass, capable of being turned upon 
the central pillar of the instrument, and each lens in suc- 
cession could be brought underneath a hollowed plate or cup, 
which served as an eye-piece. For the coarse adjustment, the 
plate Avas made to slide up and down the pillar, Avhilst for 
the fine a screAV was used, Avhich slowly raised or depressed 
that portion of the pillar to which the stage was attached. 
Besides these microscopes of his own invention, we find that 
he was in the habit of making those of Wilson, Lieberkuhn, 
^nd Culpeper, all of wliich arc fully described in the work 
above-named. 

We have now entered on a period, fertile both in alterations 
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of the microscope, and in discoveries made hy its agency; 
wo have amongst the former, the residts of the labours 
of Adams, Martin, Baker, and Dcllcbarrc ; and amon^vst t\\e 
latter, the works of Trcmhley, Ellis, Baker, Adams, Hill, 
Swammerdam, Lyonet, Needliam, and Withering. Every 
optician, says Adams,* now exercised liis talents in improving 
(as lie called it) the microscope; in other words, in varying 
its construction, and rendering it different from that sold by 
his neighbour. The principal object seemed to be only to 
subdivide it and make it lie in as small a com])as8 as possibhi, 
by wliich means they not only rendered it complex and 
troublesome to manage, but lost sight also of the extensive 
field, great light, and other excellent properties of the more 
ancient instruments. In 1770, Dr. Hill published a treatise, 
entitled T///? Comtraction of Timber cxphdned by the Micro- 
scopc^ in which not only were the nature and office of its 
several parts pointed out, but the way of judging from the 
structure the uses to which the different kinds could be best 
applied. This work created a great sensation at the time, and 
revived the ardour for microscopic pursuits. Adams at this 
period invented a machine for cutting transverse sections of 
wood so tliin, that they migJit readily be examined by the 
microscope. This instmment was subsequently improved on 
by Mr. Cumming, and with it very beautiful !,ections were 
maxle by Mr. Custance, somg of which stand unrivalled even at 
the jn-esent day. In 1771, a ncAV edition of the Microyraphia 
Illmtrata of Adams appeared, in which he described a lucenial 
microscope of his own invention; this was subsequently im- 
proved by his son, George Adams, in 1774, and served to 
exhibit opaque as Avell as transparent objects. The solar 
microscope, too, at this time had been greatly improved by 
Benjamin Martin, and was made capable of showing on a 
screen a magnified image of the surfaces of opaque objects. 

In 1787, the Microscopical Essays of the younger Adams 
were publislied, in Avhich were described all the instruments 
at that time in use. Of the single fomi, we have Wilson’s, 
shown at fig. 8 ; those of Ellis, and Lyonet ; also that of* 
* Microscopical Essays, p. 19. 
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Dr. AVitlicring, represented by fig. 18, wliicb even now is 
manufactured for sale ; it consists of 
three brass plates, a h c, parallel with 
each other, to the upper and lower 
of which three stout wires, d e are 
rivetted; the middle plate, 5, forming 
the stage, is made to slide up and 
^ down on these three wires. The upper 
plate, «, carries the lens, z, the lower 
one, c, the mirror. Into the stage a 
dissecting knife. It, a pointed instrument, 
f, and a pair of forceps, ff, are made to 
fit, and can be readily taken out for 
use by sliding the stage down nearly to 
the mirror; this instrument was recommened by Dr. Withering, 
and was first described in liis Botanical Arrangements^ its chief 
merit being its simplicity. 

The compound microscopes described by Adams, are merely 
modifications of that of his father, of Culpeper, of Cuff, and 
of lienjamin Martin. The first, or that of the elder Adams, 
vv^as improved by tlie addition of a rack and pinion movement, 
and by liaving all the lenses set in a brass slider, so that they 
may be placed one after the other under tlie compound body. 
The second,«or that of Culpeper, was made of brass, and was 
im[)roved in its optical part. Cufl*’3 compound instrument 
was much the same as that described at i3agc 22 ; whilst that 
of lienjamin Martin was improved by Adams himself^ and 
was made capable of receiving a single lens as well as a com- 
pound body, and was furnished with a cradle joint, by which 
the compound body could be inclined at any angle; tlie mirror 
was double, both plane and concave; the legs, for convenience 
of package, were made to slide one witliin the other. AVitli 
the work of Adams, in 1787, we may close our history of the 
single and compound microscopes in their unachromatlsed 


state, the discoveries at this time were few and comparatively 
unimportant, and little or nothing more was cxliibited by them 
than the objects contained in tlie ivory sliders, with which all 
tlie above described microscopes were supplied; and he who 
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could exhibit these objects weU^ was considered a proficient in 
the art* These instruments^ as described by Adams^ without 
any material alteration in the optical part^ continued in 
use up to the time of the invention of the achromatic form, 
in 1824, but a new and most important sera in microscopic 
science commenced in tliis country with the improvement 
in the reflecting microscope, constructed by Amici in 1815, 
and with the manufacture of lenses of the precious stones 
by Sir David Brewster, Dr. Goring, and Mr. Pritchard. 
At this period it will be necessary to divide our history into 
two parts. The first to include the improvements made in 
the single, and the second those in the compound micro- 
scope. In consequence of the great loss of light, and the 
presence of the prismatic halo enveloping every object seen 
through the uncorrected compound microscope, the single 
microscope was generally used by all scientific investigators ; 
but when high powers were wanted, the glass of which 
they were made being of such low refractive power, it 
became necessary to use lenses of very short foci, these 
were of very small diameters, and allowed only a slight 
amount of light to enter the eye; to remedy these incon- 
veniences, Sir David Brewster first suggested the value of 
using other materials of a more highly refracting nature, for 
the construction of lenses; and he remarked,*^' ^^that no 
essential improvement coqld be expected in the single 
microscope, unless from the discovery of some transparent 
substance, which, like the diamond, combines a high re- 
fractive with a low dispersive power. Having experienced 
the greatest difficulty in getting a small diamond cut into 
a prism in London, he did not conceive it practicable to 
grind and polish a diamond lens ; and, therefore, he did not 
put his opinion to the test of experiment, but he got two 
lenses, one made of ruby, the other of garnet, which he found 
to be greatly superior to any lenses that had previously been 
used.” Dr. goring, in the summer of 1824, having directed 
the attention of Mr. Pritchard to certain passages in Sir 
David Brewster’s admirable Treatise on New Philosophical 
* Treatise on the Microscope^ p. 13. 
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Instruments respecting the value of the precious stones for 
single microscopes; and having seen their full force, it was 
agreed that they should undertake to grind a diamond into 
a magnifier. The first diamond operated on was a small 
brilliant, and it was proposed to give it the curves that in 
glass would produce a lens of a twentieth of an inch focus. 

This stone, when nearly finished,” says Mr. Pritchard, " fate 
decreed that I should lose,* but having proved the possibility 
of working lenses of adamant, I set about another, and selected 
a rose diamond, in order to form a planoconvex lens.” After 
great labour and expense, this Mr. Pritchard so far accom- 
plished, that on the 1st of December, 1824, he states, "he had 
the pleasure of first looking through a diamond microscope.” 
Dr. Goring, who tried its performance on various objects, 
both as a single microscope and as an objective of a com- 
pound, was well satisfied with its superiority over other forms 
of lenses. But here Mr. Pritchard’s labours did not end, he 
subsequently found that this stone had many flaws in it, 
which led him to abandon the idea of finishing it. Having 
been prevented from resuming his operations on this refractory 
material for about a year, Mr. Pritchard, in his third attempt, 
met with another imexpected defect; he found that some 
lenses, unlike the first, gave a double or triple image, instead 
of a single Rne, in consequence of some of their parts being 
either harder or softer than otheriS. These defects were after- 
wards found to be due to polarisation. Mr. Pritchard having 
learnt how to decide whether a diamond is fit for a magnifier 
or not, subsciiuently succeeded in making two planoconvex 
lenses of adamant, whose structure was quite perfect for 
microscopic purposes. " One of these,” he tells us, of one 
twentieth of an inch in focal length, is now in the possession of 
his Grace the Duke of Buckingham ; the other, of one-tliirtieth 
of an inch focus. Is in his own hands.” 

" In consequence of the high refracting power of a diamond 

lens over that of glass, a lens of the former material may be 

at least one-third as thin as that of the latter, and if the focal 
« 

* Those who would wish to enter more in detail into this matter, 
arc referred to Pritchwd’s Microscopic ('abinet^ p. 108. 
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length of both be equal, say,” says Sir D. Brewster,* one- 
eightieth of an inch, the magnifying power of the diamond lens 
will be 2133 diameters, wlicreas that of glass would be only 
800.” Mr. Pritchard, in later times, succeeded, with much 
less difficulty, in making lenses of other precious stones, viz., 
the sapphire, ruby, and garnet, all these substances, although 
coloured to a certain extent, nevertheless were not unfitted 
for magnifying powers; and Sir David Brewster, whose 
authority is indisputable in these matters, states : f — That 
they all exhibit minute objects with admirable accuracy and 
precision, and that the colour of the garnet, which diminishes 
with its thickness, disappears almost wholly in very minute 
lenses.” The durability of lenses made of the diamond and 
other precious stones, is, however, an exceedingly valuable 
property; but the vast expense incurred in their luanufacturc, 
and the great superiority of the compound instrument, as now 
constructed, will ever be a barrier to their introduction into 
general use. 

The microscope, with a single lens, having been brought 
to the greatest state of perfection by the labours of Sir David 
Brewster, Dr. Goring, and Mr. Pritchard, we must here leave 
it, and direct our attention to certain combinations of lenses 
termed doublets and triplets, by means of which niicroscopic 
science has been considerably advanced, and, Afith the ex- 
ception of the achromatic ^compound microscope, no more 
important improvement In the optical part of the microscope 
has ever yet been accomplished. As long ago as the year 1688, 
a doublet was described in the Philosophical Transactions^ as 
made by Eustachio Divini,^ in which a large and flat field was 
obtained by placing two planoconvex lenses so as to touch 
each other in the middle of their convex surface. "This 
instrmnent,” it is there stated, "hath this peculiar, that it 
shews the objects flat and not crooked, and althougJi it takes 
in much, yet nevertheless magnificth extraordinarily.” In the 
year 1812, a periscopic doublet lens was proposed by Dr. 
Wollaston, II it was composed of two planoconvex lenses, 

* Treatise on the Microsatpe^ p. 21, t t)p> C'it.y p. 24. 

tXo. 42, p. S42. \\ Philosophkid TrunsacliotiSy 1812, p. 375. 
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ground to the same radius, and applied by their plane sur- 
faces to a flat piece of metal, having an aperture of the same 
diameter as would be suitable for a lens of equal size, 
but composed of one piece of glass; and the size of the 
aperture which, on experiment, was found always to give 
the best definition, was about one-fifth part of the focal 
length in diameter. This form of doublet was subsequently 
improved on by Sir David Brewster, who, instead of using 
the flat piece of metal, and two planoconvex lenses, employed 
two hemispherical lenses, cemented to the ends of a tube of 
brass, and filled all the interspace with a fluid of the same 
refractive power as the glass. This led Sir David to the idea 
of the grooved sphere, which is nothing more than a spherical 
lens having a deep groove cut round it in a plane per- 
pendicular to the axis of vision; a plan analogous to tliat 
of the Coddington lens. Experiments on doublets were 
now carried on by Sir John Herschell, Sir David Brewster, 
Mr. Coddington, and others, and we have various forms 
recommended for use by each of these gentlemen; by the 
fonner we have three, viz., the pcriscopic doublet, consisting 
of a double convex lens of the best form, but placed in 
its worst position (radii as 6 to 1) for the lens next the eye, 
and a planoconcave, whose focal length is to that of the 
other, as 2,*6 to 1, or as 13 to 5, placed in contact with its 
flatter surface, and having its concavity towards the object. 
The second consisted of the planoconvex doublet, which is 
made with two convex lenses of equal focal lengths, the 
convex sides being placed in contact, and the eye and object 
opposite the plane sides; and the third, the doublet of no 
aberration, consisting of a planoconvex lens, and a meniscus 
placed in such a manner, that the convex sides of both 
were in contact. This latter form of doublet Sir John pro- 
poses as the best for obtaining perfect distinctness in micro- 
scopical observations, ajnd Mr. Pritchard states:* — Tliat 
doublets of tliis kind answer remarkably well, but their angle 
of aperture is small as compared with combinatibns of double 
achromatics.” ' 


Microscopic Cabinet^ j). ICa. 
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By far the most important contribution to microscopical 
science at this period, was the microscopic doublet, the in- 
vention of Dr. Wollaston, it is described in the Philosophical 
Transactions for 1829,^ and the mode of illumination therein 
recommended, gave to the single microscope an importance and 
degree of usefulness, which it had never yet received in this 
or any other country. The doublet of Wollaston consisted of 
two planoconvex lenses, liaving their focal lengths in the pro- 
portion of 1 to 3, and placed at such a distance from each other, 
as was ascertained to be best by experiment. It is said that 
he was led to this invention by a knowledge of the construction 
of the achromatic Huyghenian eye-piece, which, if reversed, 
would make a microscope ; but impaired health caused him to 
communicate his paper to the Boyal Society earlier than he 
at first intended, and his premature death deprived him of the 
satisfaction of ever witnessing the great improvement subse- 
quently made in his doublet, by the introduction of a stop or 
diaphragm between the two lenses. The microscope stand, 
with which the doublet was used, was as simple and as elegant 
10, . {jj construction as the doublet itself; and is 
shown in section, by figure 19, where AB re- 
presents a brass tube, about six inches long and 
an inch or more in diameter, capable of being 
screwed into the cover of a box or s^and, by the 
screw D. At C a circular perforation is made for 
the purpose of tidmitting the light to the mirror 
E. Above the mirror at F is a diaphragm or 
stop, for cutting off* the outer rays of light 
reflected from the mirror. At the upper end 
of the tube is a planoconvex lens of about three 
quarters of an inch focal length, set in a metal 
frame at G, with its plane side uppermost; 
its use being to bring the rays of light to 
a focus on an object j^ed across the top of 
tube at P, which acts as a stage. At I is 
fixed a small rack, upon which an arm, H, 
carrying the doublet, M NO, can be moved up 
* Philosophical Transitions^ 1829, p. 9. 




Fig. 19. 
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or down by the pinion, K, which is turned by the nulled 
head, L. The doublet has been before alluded to, it consists 
of two planoconvex lenses, set each in a separate cell, M N. 
The cell carrying the upper lens screws into that which 
carries the lower lens, so that the distance between the indi- 
vidual lenses may be regulated for perfect definition ; when 
in use, the doublet is placed in a hole in the arm H. Since 
Wollaston’s time, the stand has been much improved, it has 
been fitted up with an adjustable stage, and with fine and 
coarse adjustments, and otherwise much altered in appearance; 
but the one we have described is copied from his paper in the 
Philosophical Transactions. A modification of this form of 
instrument is at present in use, as an illuminator with many 
microscopes, both simple and compound, and will be again 
referred to in the chapter on "Illumination of Transparent 
Objects.” " With this microscope,” Dr. Wollaston says "that 
he was able to sec distinctly the finest markings upon the 
scales of the Lepisma and Poduray and upon those of the 
gnat’s wing.” The doublet itself is, at the present time, much 
employed, and is preferred by many to the compound nucro- 
scope for the examination of such objects as are perfectly flat, 
and by reason of its portability, its value is much enlianced. 
It is infinitely superior to a single lens, and is capable of 
transmitting^a pencil of an angle of 35® to 50® without any 
sensible errors, and exhibits most of the test objects in a very 
beautiful n^anner. ' 

The next great improvement in the single microscope, and 
the last we shall here notice, was effected by Mr. Holland in 
1832, and described by him in the forty-ninth volume of the 
Transactions of the Society of Arts. It consists, as shewn in 
fig. 20, of three planoconvex lenses, abcy the 
first two, a by being placed close together, and 
the diaphragm or stop between them and the 
third lens, r. " The first bending,” says Mr. 
Ross,* " being effected by two lenses instead 
of one, is accompanied by smaller aberrations, 
which are, therefore, more completely balanced or corrected at 
* Penny Cychpadia, Art., Microscope. 
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the second bending, in the opposite direction, by the third 
lens.” This combination, tliougli called by Mr. Holland a 
triplet, is essentially a doublet, in which the anterior lens is 
divided into two, and is capable of transmitting a pencil of 
65®. Here we must take our leave of the history of the single 
microscope, and commence that of the achromatic compound 
instrument. 

Notwiliistanding the great improvements which had taken 
place in the compound microscope during a period of nearly 
two centuries, we find, says Mr. lloss,* that it was ^^a com- 
paratively feeble and incflScient instrument, owing to the 
increase in tlic chromatic and spherical aberrations occasioned 
by the great distance through which the light had to paSvS. 
The image formed by the object-glass was not a simple one, 
but made up of an infinite number of variously coloured and 
variously sized images. Those nearest the object-glass would 
be blue, and those nearest the eye-glass would be red. The 
effect of this being the production of so much confusion, that 
the instrument was reduced to a mere toy, althougli these 
errors were diminished to the utmost possible extent by 
limiting the aperture of the object-glass, and thus restricting 
the angle of tJie pencil of light from each point of the object. 
But this proceeding made the picture so obscure, that, on tlie 
whole, the best compound instruments were inferior to the 
simjde nucroscopes having a single lens, with which, indeed, 
almost all the more important observations of the preceding 
century were made.” The compound microscope, in its 
chromatic condition, having been found to be incapable of 
further advancing in a right way scientific research, many 
artists of eminence applied themselves to the work of im- 
l)rovcmcnt; we are told that achromatism had been discovered 
in 1729 by a private gentleman in Essex, named Chester 
More ILdl, who, in 1733, constructed and applied to a teles- 
cope an achromatic object-glass, having been led to its dis- 
covery by the study of the human eye, and by finding that 
two kinds of glasses combined, refracted light without decom- 
posing it. Two of his achromatic telescopes were for a long 
* Op, Cit,^ p. 6. 
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time in tlic hands of persons who were not. aware af their full 
value, and Mr. Hall himself paid the debt of nature without 
revealing the secret of their construction. 

In 1747, we are told that Euler suggested the construction 
of achromatic object glasses, a problem which for a long 
time agitated the learned in England, Holland, Italy, and 
France; and in 1774 he proposed the application of an 
achromatic combination for the object glasses of micro- 
scopes. Our countryman, Dollond, “ on the faith of Sir 
Isaac Newton’s conclusions, zealously denied the possibility 
of doing what Euler proposed, but, nevertheless, commenced 
a series of experiments, beginning with that which had led 
Sir Isaac Newton to his unfavourable opinions, and which 
endetl in accomplishing all that Euler had declared and 
Newton liad hoped to be possible. These experiments, which 
included the spherical as well as the chromatic correction, 
were completed in the year 1757, and the glory of achieving 
this most valuable result is in no respect lessened by tlie fact, 
of which tlierc is now no doubt, that a chromatic correction 
had been, to some extent, produced in the year 1733, by Mr. 
Chester More Hall.”* Although Dollond constructed many 
achromatic telescopes, he did not apply the same principle to 
microscopes ; but those which he sold were only modifications 
of the compqimd instrument of Cuff. CbcvaVier tells ust 
that there exists a very rare work, published at St. Petersburg 
in 1774, under tlie following title: — Detailed instruction for 
carrybuj lenses of all different kinds to a yrenter degree of per- 
fectioiu with the description of a microscope which may pass for 
the most jperfect of its kind^ taken from the dioptric theory of 
Deonard JBuler^ arid made comprehensihle to workmen hy Nicholait 
Fiiss. It contains a description of the object-glass of the 
microscope?, of which the following is tlie substance : — " The 
object-glass Avill be composed of three glasses ; the first and 
third of which will be of cvo^ m-glass, and the second of flint. 
The focal distance will be half-an-inch, and the aperture of 

♦ A. Ross. Practical lUmtrations of the Achromatic Telescope, 
Part I., p. 1 1. 

t Op, at, p. 8C, 
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the lens one-cighth of an inch. The least thickness possible 
should be given to the glass composing the lens; the two 
lenses of crown glass will be bi-convex, and the middle one 
bi-concave, &c.” This glass, however, appears never to have 
been executed. 

In 1784, iEpinus made many fruitless trials to achromatize 
the microscope, and, although he was successful to a certain 
extent in destroying colour, he diminished rather than in- 
creased the magnifying power of the instrument, and he made 
it, says Adams, rather more like a microscopic telescope than 
a microscope.” A blank now occurs in the pages of micro- 
scopic history, from 1784 until 1800, and tlie microscopes 
in use in those days were more remarkable for the improve- 
ment in the mechanical construction of their stages and 
adjustments, than for that of the optical part ; Jind at 
this period,” says Chevalier, ^^it is to be remarked, with a 
sentiment of regret, that England was more laborious than 
Franco, and appeared to have the monopoly of the manufac- 
ture of the best instruments.”* 

From the year 1800 to 1810, wc arc told by Chevalier that 
experiments were carried on by M. Charles, of the Institute, 
to achromatize small lenses ; but the numerous imperfections 
of these lenses were such, as to render their application to the 
microscope completely impossible, as they were not so ar- 
ranged as to be cemented or superposed, and their centering 
and curves, so full of iilfperfcctions, rendered them unfit for 
microscopic purposes. 

In the year 1812, a very simple method was employed by 
Sir David Brewster f to render both simple and compound 
microscopes achroinatic, which was as follows : — Starting with 
the principle that all objects, however delicate, are best seen 
when immersed in fluid, he placed an object on a piece of 
glass, and put above it a drop of some kind of oil, having a 
greater dispersive power than the single or concave lens, 
forming the object-glass of the microscope. The lens was 
then made to touch the fluid, so that the surface of the 
• Op. at. p. 85. 

t Treatise on the Microscope^ p. 73 et seq. 
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fluid was, as it were, formed into a concave lens, and if the 
radius of the outward surface were such as to correct the dis- 
persion, we should have a perfect achromatic microscope, both 
simple and compound. This method, however ingenious, was 
attended with considerable inconvenience, and our eminent 
and time-honoured philosopher was led to the construction of 
a permanent achromatic object-glass, by placing some butter 
of antimony between a meniscus and a planoconvex lens of 
crown-glass ; the antimony was retained between the glasses 
by capillary attraction, and could be removed as often as its 
properties were deranged. 

About this period, 1812, we find that numerous experi- 
ments were carried on by Professor Amici, of Modena, to 
improve the achromatic object-glass, and during his investiga- 
tions he invented a reflecting microscope, far superior to 
those of Newton, Baker, or Smith, whicli had been made as 
early as the year 1738, and had been abandoned for many 
years ; this invention so far excelled any microscope pre- 
viously made, that Amici was induced, in 1816, to lay aside 
his experiments on the refracting instrument for a con- 
siderable period. An account of this microscope having soon 
reached England, Dr. Goring, in 1824, with the assistance of 
Mr. Cuthbert, succeeded in greatly improving it, and for a 
few years it ^was the most perfect form of microscope 
manufactured In this country; but, owing to the difficulty 
in constructing the reflectors, and fhe great trouble in ma- 
naging them, this instrument, like the reflecting telescope, 
fell into disuse, and even Amici himself entirely abandoned 
it, and returned to his former experiments on the refracting 
achromatic object-glasses. 

In the year 1816, Frauenhofer, a celebrated optician of 
Munich, constructed object-glasses for the microscope of a 
single achromatic lens, in which the two glasses, although in 
juxta position, were not cemented together, these glasses were 
very thick and of long focus ; but altliough such considerable 
improvements had been made in the telescopic achromatic 
object-glass since its first discovery by Euler in 1776, we find 
that even at so late a period as 1821, M. Biot wrote, ‘Hhat 
3 * 
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opticians regarded as impossible tlie construction of a good 
achromatic microscope.” Dr. Wollaston, too, was of the 
same opinion that the compound would never rival the simple 
microscope. 

In-thc year 1823 experiments were commenced in France 
by ]\I. Selligucs, which were followed up by Frauenhofer, in 
Munich, by Amici, in Modena, by M. Chevalier, in Paris, 
and by the late Dr. Goring and Mr. TuUey, in London. To 
M. Selligues we arc indebted for the first plan of making an 
object-glass composed of four achromatic compound lenses, 
each consisting of two lenses. The focal length of each 
object-glass was eighteen lines, its diameter six lines, and its 
thickness in the centre six lines, the aperture only one line. 
They could be used combined or separate. A microscope, 
constructed on tl)is principle by M. Chevalier, was presented 
by M. Selligues to the Acadernie ties Sciences^ on the 5th of 
April, 1824. In the same year, and without a knowledge of 
what had been done on the Continent, the late Mr. Tulley, 
at the instigation of Dr. Goring, constructed an acliromatic 
object-glass for a compound microscope of one-third of an 
inch, focal length, composed of three lenses, and transmitting 
a pencil of eighteen degrees : this was the first that had been 
miule in England, and it is due to Mr. Tulley to say, that as 
regards accurate correction throughout the field, that glass 
has not been excelled by^any subsequent combination of three 
single lenses. Mr. Tulley afterwards made a combination to 
be placed in front of the first mentioned, which increased the 
angle of the transmitted pencil to thirty-eiglit degrees, and 
bore a power of three hundred diameters. Mr. Lister, who 
was engaged with Mr. Tulley in perfecting the achro- 
matic object-glass, finding that all the microscope stands 
hitherto made were not sufficiently steady for the use of high 
powers, directed his attention to the improvement of this part 
of the instrument ; and, in order to carry out his views, he 
employed Mr. James Smith, now one of our first opticians, to 
execute a stand on the plan represented by fig. 21. This 
instrument was finished by Mr. Smith, on the 30th of May, 
1826, and was the first of the kind constructed in this country 
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with a double stage movement^ a diaphragm, and a disc or dark 
well for opaque objects, Avhcn to be viewed by a Licberkulm, 
It was supported on three flat feet, capable of being shut up 



Fig. 21. 

one within the other, for convenience of package ; from these 
a short but stout pillar rose, having at its upper part a cradle 
joint, to which was attached the stage, x, and the arm, 
supporting the compound body. If, consisting of three 
tubes, one within the other. Into the inner tube, /, called 
the draw tube, the eye-piece. A, was screwed; this tube 
was capable of being drawn (iut from the middle one for the 
space of four or five inches, and had engraved on it a scale ©f 
inches and parts, and to its lower end an erecting glass could 
be adapted. To the middle tube was attached a rack, which, 
with its tube, was moved by a pinion connected with the 
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milled head^ this fonncd the coarse adjustment^ the lower 
end of this tube, <?, was conical, and to it the object-glasses,/; 
were screwed. The third or outer tube was firmly fixed to 
the arm, «, by a curved plate of brass and by the screw, c. 
When the compound body was placed in the inclined position, 
as represented by the figure, the tubular rods, d </, were used 
to steady it, the nuts, d rf, serving to fix them when the proper 
inclination had been obtained; these rods were attached to the 
two liindmost feet. When the draw tube was in use, it could 
be fixed by the moveable band surrounding the body, and 
having a clamping screw,/. To the stage, ar, was attached the 
tube, riy for carrying the mirror, o, and the ring, 7 ;, for holding 
the forceps, the condenser, and other tilings. The stage was 
moved from side to side by the milled head, m'y and up and 
down by that at m. A condensing lens, y, was attached 
by a moveable arm to the ring, p. This fonn of instrument 
was adopted by the Tulleys (father and son), and by these 
eminent opticians some of the first microscopists of the day 
were supplied with it, amongst whom the names of Mr. 
Lister, the late Mr. Loddiges, and Mr. BoAverbank re- 
quire especial notice, as these gentlemen are intimately 
associated with the rise of microscopic science in this 
metropolis. 

While those experiments were in progress^ Dr. Goring is 
said* to have discovered that the structure of certain bodies 
could be readily seen in .4omc microscopes and not in others. 
These bodies he named test objects, he then examined these 
tests with the achromatic combination before noticed, and was 
led to the discovery of the fact that the penetrating power of 
the microscope depends upon its angle of aperture.” 

On the 30tfa of March, 1825, M. Chevalier presented to 
the Society of Encouragement an achromatic lens of four 
lines focus, two lines in diameter, and one line in thickness in 
the centre: this lens was greatly superior to the one before 
noticed, which had been made by him for M. Selligues. 

In 1826, Professor Amici, who, from the year 1815 to 
1824, had abandoned his experiments on tlie achromatic 
* AJicroacopic Objects^ p. 21. 



THE MICBOSCOPE. 


39 


object-glass, was induced, after the report of Fresnel to the 
Academy of Sciences, to resume them, and in 1827 he brought 
to this country and to Paris a horizontal microscope, in which 
the object-glass was composed of three lenses superposed, each 
having a focus of six lines and a large aperture. This micro- 
scope had also extra eye-pieces, by which the magnifying 
power could be increased. A microscope constructed on 
Amici’s plan, by Chevalier, dm*ing the stay of that philo- 
sopher in Paris, was exhibited at the Louvre, and a silver 
medal was awarded to its maker. 

Wliilst these practical investigations were in progress,” 
says Mr. Ross,* “ the subject of achromatism engaged the 
attention of some of the most profound mathematicians in 
England.” Sir John Ilcrschcll, Professors Airy and Bjirlow, 
Mr. Coddington, and others, contributed largely to the theo- 
retical examination of the subject, and, though the results of 
their labours were not immediately applicable to the micro- 
scope, tlicy essentially promoted its improvement. 

For several years prior to 1829, the subject had occupied 
the mind of a gentleman who, not entirely practical like the 
first, nor j)urcly matliematical like the last-mentioned class of 
observers, was led to the discovery of certain proj^erties in an 
achromatic combination, which had been before unobserved. 
These were afterwards experimentally verified; and in the 
year 1829, a paper on the subject, by the discoverer, Joseph 
Jackson Lister, Esq., was read to ajid published by the Royal 
Society. The principle^ and results thus obtained enabled 
Mr. Lister to form a combination of lenses, capable of trans- 
mitting a pencil of fifty degrees with a large field correct in 
every part. Tliis paper, which was the ground-work of all 
the groat improvements that have been eftccted in this 
country in the aclmomatic object-glasses, has tended to raise 
the compound microscope from its [irimitivc and almost useless 
condition to that of being the n ost important instrument ever 
yet bestowed by art upon the investigator of natmre, and has 
gained for the discoverer a lasting reputation. As the residts 
arrived at by Mr. Lister are indispensable to all who would 
* Art., Microscope, Penny Ciji tnpadia, 
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make or understand the instrument, I would refer them to 
the paper itself, which is contained in the 12l8t volume of 
the Philosophical Transactioits. From this discovery of Mr, 
Lister’s, in 1829, we may fairly date the rise and continued 
progress towards perfection of the achromatic compound 
microscope in England, and all cultivators of natural science, 
as well as the makers of the instruments themselves, are 
largely indebted to Mr. Lister for publishing to the world the 
valuable results of those labours, which certainly have formed 
the groundwork of the plan on which all oiu* first-rate opti- 
cians now work, for whose success he has always most 
zealously exerted himself, even to the examination, from time 
to time, of their wonderful productions ; and it is but common 
justice here to state, that we have now in this metropolis 
three most eminent manufacturers of the compound achromatic 
microscope, viz., Messrs. Powell, Boss, and Smith, whose 
instruments arc without equal in this or any other country. 
On consulting the dates at which these o])ticians respectively 
commenced the manufacture of acjhromatic object-glasses, we 
find that as early as March, 1831, Mr. Andrew Ross had 
completed for Mr. Win. Valentine a dissecting microscope 
on an entirely new plan, being provided with coarse and 
fine adjustments, stage movements, and a Wollaston con- 
denser. This instrument, first described in the forty-eighth 
volume of the Transactions of the Sodett/ oj* Arts ^ will bo 
more fully mentioned in /he chapter devoted to the simple 
inicroscojie ; althougli generally emidoyed for dissecting, it 
was nevertheless made capable of recci^ iiig a compound body. 
The first microscope of this kind made by Mr. Koss is now 
in the possession of li. 11. Solly, Esq., for which, in 1832, 
Mr. Ross was also employed to construct a triple object-glass, 
he, previous to the year 1831, having made lenses of the 
precious stones, and acquired a knowledge of achromatism by 
being connected with Professor Harlow, during the con- 
struction of his Jluid object-glass, and also in the arrangement 
of liis formula for computing the radii of emwature of an 
achromatic one. Since the period above mentioned, Mr. Ross 
has been constantly and actively employed in bringing these 
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indtruincnts to perfection, and during the manufacture of the 
object-glasses, he effected a most important improvement in 
their construction, which he thus describes:* — ^‘Having 
applied Mr. Lister’s principles with a degree of success never 
anticipated, so perfect were the corrections given to the 
achromatic object-glass, so (completely were the errors of 
sphericity and dispersion balanced or destroyed, that the cir- 
cumstance of covering the object with a plate of the thinnest 
glass or talc disturbed the corrections, if they had been 
adapted to an uncovered object, and rendered an object-glass 
which was perfect under one condition sensibly defective 
under the other.” This defect, if that be called a defect 
which arose out of an improvement, he (Mr. Ross) first 
detected, and immediately suggested the means of correcting, 
and ill 1837 communicated liis discovery to the Society of 
Arts, in a paper published in the fifty-first volume of their 
Transactions, to wJiicli paper the author would refer those of 
his readers who would wish to enter more fully into the 
subject ; the desired object being effected by separating the 
anterior lens in the combination from the other two; and 

figure 22, which is a section 
of an achromatic object- 
glass, will explain bow the 
principles established by 
]Mr. Ross were put into 
jyactice. A represents a 
tube, in the end of which 
the anterior lens is set ; this 
slides on the cylinder, B, 
containing the remainder of 
the combination; the tube, 
A, holding the lens nearest 
the object, may then be 
moved upon the cylinder, B, 
for the purpose of varying 
distance, according to 
the thickness of the glass (covering the object, by turning the 
* Op. Cu. p. 8. 
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screwed ring, C, or more simply by sliding the one on the 
other, and clamping them together. When adjusted, an 
aperture is made in tlic tube. A, within which is seen a mark 
engraved on the cylinder, and on the edge of which are two 
marks, a longer and a shorter, engraved upon the tube ; when 
the mark on the cylinder coincides with the longer mark on 
the tube, the adjustment is perfect for an uncovered object, 
and when the coincidence is with the short mark, the proper 
distance is obtained to balance the aberrations produced by 
glass one-hundredth of an inch thick, and such glass can 
readily be obtained. When Mr. Ross first effected this im- 
provement, he made the adjustment by sliding the outer tube, 
A, upon the cylinder, H ; but Mr. I^owell, we are told, was 
the first to apply tlic screw collar, C, by which the correction 
can be performed with greater nicety, and Mr. Smith after- 
wards, as a refinement, added a graduation to it. Mr. Ross, 
however, has found that for the adjustment to be perfectly 
correct, it must be tested ex])crimcntally. 

Tlic method of using this improved achromatic object-glass 
will be again alluded to in the chapter devoted to the com- 
pound microscope. From the peculiar construction of Mr. 
Ross’s higher powers, he is enabled to transmit extraordinarily 
large angular pencils of light: on several occasions he has 
obtained the enormous aperture of 135. ^ 

Mr. Powell, in early life, was engaged in the manufacture 
of philosophical instruments, but not of microscopes; and it 
was only in the year 1834 that he devoted his attention to the 
last mentioned instruments. In the same year, we find a con- 
tribution of his to the fiftieth volume of the Transactions of 
the Society of Arts, entitled, On a fine adjustment for the 
Stage of a Microscope.” This ingenious contrivance was 
applicable to any instrument, but Mr. Powell used it with the 
adjustable stage made by Mr. Turrell, and described by him 
in tlie forty-ninth volume of the same transactions. The 
slow movement was obtained by making the stage stand on 
three feet, under which three inclined planes were moved 
simultaneously by one screw, a single turn of which raised or 
lowered the stage only the three-hundredth part of an inch, 
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and twenty divisions marked on the screw-head gave mea- 
sures of the one six-thousandth part of an Inch, and hence its 
use as a micrometer as well as a fine adjustment. In the 
year 1841, Mr. Powell made another communication to the 
TransacUons of the same society, ^‘On a new way of mounting 
the compound body of a microscope,” a plan which will be 
again alluded to under the head Compound Microscope ; and 
in the year 1840, he succeeded in making an achromatic object- 
glass of one-sixteenth of an inch in focal length, the first that 
had been seen in this country; it is in itself a wonderful 
production, both for delicacy of workmanship and correctness 
of definition. About this period, his brother-in-law, Mr. 
P. H. Lcaland, who had for some time assisted him in the 
manufacture of object-glasses, became a partner with Mr. 
Powell, and from that time up to the present, these opticians 
have given their undivided attention to the manufacturing, as 
well as to the Improving and perfecting, the optical and 
mechanical parts of the achromatic compound microscope. 

Mr. Smith, who had been for many years engaged in the 
manufacture of microscopes of all the ordinary kinds, was in 
1826 employed by Mr. Lister to construct the instrument 
represented by fig. 21 ; but he did not turn his attention to 
tliose of the achromatic form on his own account until 1839, 
at wliich time^he likewise made object-glasses on Mr. Lister’s 
principles*, these, which arc of large aperture, were at first 
constructed on a plan r^.ther diffeffent from those of Messrs. 
Powell and Koss, the lowest amplification was produced by a 
single achromatic lens, and to increase the magnifying poAver, 
another, or, for a still higher, a combination of two, was slid 
over the first. This plan was adopted with the object of 
furnishing the glasses at a cheaper rate, but more recently 
Messrs. Smith and Beck make each power a separate com- 
pound glass, like the others. 

In the year 1841, Mr. Smith was applied to by the council 
of the Microscopical Society to furnish them with one of his 
newly constructed achromatic compound microscopes, and on 
the 24th of November in the same year, the instrument, of 
which a figure is given in the second volume of the Mkra-' 
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scopic Journal^ >vas delivered to the society. This microscope 
had the compound body mounted so as to slide in the groove of a 
strong bell-metal arm, the contrivance of Mr. George J ackson, a 
plan now adopted by Mr. Smith in all his large instruments; the 
object-glasses were four in nmnber, the highest being the 
fourth of an inch, which, with the deepest eye-piece, was 
capable of magnifying 800 diameters. During the last nine 
years, Mr. Smith has made many and rapid advances in the 
manufacture of microscopes, and, in conjunction with his 
partner, Mr. Beck, has successfully endeavoured to reduce 
the cost of his instruments by simplifying the form of stand, 
by which they arc brought more within the compass of those 
whose means are limited. 

Amongst those in this country by whose agency the micro- 
scope has been much improved, may be mentioned the names 
of Mr. Varlcy and Mr. Pritchard, both of whom are well 
known to the scientific world by their valuable publications. 
To Mr. Varley, in 1831, we are indebted, first, for a micro- 
scope with a lever stage movement, for following animalcules, 
together with capillary cages for containing the same, fishing 
tubes and other apparatus equally ingenious and useful, and 
for his lathe for grinding and polishing lenses ; secondly, for 
his vial microscope, for viewing the circulation in chara; 
thirdly, for his graphic telescope and microscope; fourthly, 
for his valuable instructions and liints concerning the best 
forms of eye-pieces for ttelescopes and microscopes ; and, 
lastly, for his improved lever microscope, all of which in- 
ventions have been fully described in the Transactions 
of the Society of Arts. To Mr. Pritchard, we arc in- 
debted for three valuable works on the microscope, viz: — 
The Microscopic Cahinety The Microscopic lUmtrationSy and 
The Microyraphiay in which arc admirably explained the con- 
struction of the instruments made and improved upon by 
Dr. Goring and himself, together with the history of the 
doublet, jewel, rellecting, and achromatic microscopes, the 
methods of testing Jind using the same, with the descriptions 
of many interesting objects observed by them. These works, 
which were the first of the kind published in England, liave 
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long since obtained a well-deserved reputation. The names of 
Chevalier, Frauenhofer, Oberhauser, ISchiek, Nachet, and many 
other continental opticians, here deserve honourable mention 
for their various productions; and the author would be 
wanting in justice and candour, were he not to acknowledge 
the valuable information which has been derived In this 
Hiatory of the Microscope from the excellent work of M. Che- 
valier, entitled, JDes Microscopes et de leur usage. 

The rapid progress of improvement In the manufacture of 
the achromatic compound microscope in this country is con- 
siderably indebted to the spirit of liberality evinced by the late 
Dr. Goring and K. II. Solly, Ksq. To the patronage of the 
former we owe the construction, by TuUey, of the first triplet 
achromatic object-glass, that of the diamond lens, by Varlcy 
and Pritchard, and of the improved reflecting instrument of 
Amici by Cuthbert. To Mr. Solly is due the credit of 
bringing before the public the improved microscope of Mr. 
Valentine, the exquisite workmansliip of Mr. Koss, and by 
his Intimate connection with the Society of Arts, and his 
well-known liberality, he has been the means of making its 
Transactions j since 1831, the vehicle through which nearly 
all the improvements in the construction of telescopes and 
microscopes, by Mr. Varlcy especially, have been made known 
to the world. ^ 

The late Dr. Goring, at whose instigation Tulley, in 1824, 
constructed the first achromatic object-glass in this country, 
said,"* in 1829, “That microscopes are now placed completely 
on a level with telescopes, and, like them, must remain 
stationary In their construction.” “ Happily for us,” says 
Mr. Bowerbank, f “ this prediction has not been fulfilled. 
Admirable as were the combinations alluded to by Dr. 
Goring, they were very far inferior to those which we now 
possess, and which we, like the worthy doctor, are, perhaps, 
inclined to believe are scai’ccly capable of being surpassed; 
but however beautiful the combinations around us, let us 
hope that the same skill and talent which have wrought these 

* Exordium, to Microscopic Illustrations^ 1829. 
t Address to the Microscopical Society, February lOtli, 1847. 
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great and valuable improvements in the instrument will con- 
tinue to aid and assist the scientific world, by aiming at and 
achieving a still further degree of perfection.’’ 

The great advances which have been made in microscopic 
science within the last few years, and the immense number of 
valuable contributions to animal and vegetable physiology 
alone, with which the scientific journals of this and other 
countries are more or less filled, all tend to show with what 
rapid strides accurate knowledge is being advanced; and the 
great demand for achromatic microscopes has been such, that 
since the year 18.36, in this metropolis alone, upwards of 1000 
first-rate instruments have been manufactured by our three 
great makers, Messrs. Powell, Ross, and Smith, to whom 
with Mr. Lister should be awarded no small share of the 
honour reaped by those who, through their instrumentality, 
have successfully laboured in the field of microscopic investi- 
gation. 
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CHAPTER L 

THE SIMPLE MICROSCOPE. 

The simple microscopes in general use may be divided 
into two classes; first, those used in the hand; and, se- 
condly, those provided with a stand or apparatus for 
supporting the object to be viewed, together with an ad- 
justment of the magnifying power to and from that object, 
with a mirror or speculum for reflecting the light tlirough 
such objects as are transparent, and a condenser for such as 
arc opaque. 

To the first class, or those microscopes used in the hand, 
belong the various kinds of pocket lenses, or magnifying 
glasses so commonly used ; they consist for the most part of 
double convex or planoconvex lenses of glass, varying in focal 
length from the quarter of an inch to two inches; one or more 
of these is set in a frame of metal, horn, or tortoiseshell, and 
is made to shut up between two other plates of the same 
material, which, besides forming a handle for it, serve to keep 
it free from dust and scratches ; the shutting up is similar to 
that of a knifc-blade into its handle. Sometimes these lenses 
arc set in pairs, with a thin piece of horn or tortoiseshell 
between them, having a hole in its centre corresponding to 
the centre or axis of the two lenses; this serves as a stop to 
cut off all the outer rays of lights so that when an object is 
viewed by the combined power of the two lenses, it is not 
only more magnified, but the defining power of the instrument 
is increased in a like proportion, so that wc might almost call 
it a doublet. 

These magnifying glasses arc extremely useful for all pur- 
poses where a high power is not required ; to the anatomist 
they are essential for examining preparations either in or out 
of bottles, and for dissections and injections. For the latter 
purpose, a lens of half-an-inch focus will magnify suflSciently 
to enable an observer to pronounce whether the vessels of 
most tissues bo perfectly filled, or whether extravasations have 
taken place. In short, no person in the pursuit of any branch 
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of natural history slioukl be witliout one; its aid is liourly 
required. TJiere arc two forms of tliese pocket magnifiers in 
general use ; the most common form, represented by fig. 23, 

carries one, two, or three mag- 
nifiers, whilst a much larger and 
more convenient form is repre- 
sented by fig. 24, in which there 
arc two sets of lenses, varying 
in their focal Icngtli from two 
inches to a quarter of an inch ; 
between the lenses may be seen 
in both figures the diaphragm 
or stop, wliich enables us to use the two lenses as a doublet. 




Fig. 24. 

A square Jiolc is made in the end of the handig of fig. 23, and 
a round one in the middle of that of fig. 24, for the pur- 
pose of attaching them to a stand, as will be subsequently 
shown. Mr. Smith gencmlly puts three lenses into one 
handle, the highest power is a planoconvex, the next a crossed 
lens, and the lowest a double convex lens ; tliosc, when com- 
bined, perform uncommonly well. 

When a higher magnifying power is required, the form 
generally used is that known as the Coddington lens, con- 
sisting of a sphere of glass, around the equator of which a 
triangular groove has been cut, and the groove itself subse- 
quently filled up with opaque matter, as represented in section 
by fig. 25. The great advantage of this form of lens is, that 
however obliquely pencils of light, B A, may fall upon it, they, 
like the c<‘ntral ones, pass at right angles with the surface, 
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and, consequently, the abermtion is trifling. This lens gives 
a large field of view, equally good in all directions, and it 



little matters in what position it is held, hence 
it is peculiarly apj)licablc as a hand magnifier. 
The lens is generally set in silver or German 
silver, as represented by fig. 26, and the handle 
is so contrived, that it occupies 


but little room in the waistcoat 
pocket. It may be as well 
here to mention that many of 
the lenses sold as Coddington 
lenses are not constructed after 
this manner, but are made up 
of two convex lenses, not por- 
tions of si)heres, hence they arc 
destitute of many of the advan- 



tages of the true Coddington lens. Another 


^ lens, somewhat of the same description as the 
Fi*,'. 25. last, is much boasted of by its manufacturers, 
and is puffed off at every toy-shop as the Stanhope lens ; it 
consists of nothing more than a double convex lens of great 
thickness, on one side of which the convex surface is greater 
tlian on the other; and when the most convex is turned 


towards the e}/<j, an object placed upon the other convex sur- 
lacc is in the proper locus of the lens ; it is, in consequence, 
generally used more as a toy than as a philosophical instru- 
ment, for viewing the scales of buttciHies’ wings and other fiat 
objects which can readily be attached to it, or for showing the 
eels in paste, and the wonders in a drop of water. If, how- 
ever, the flattest side be turned towards the eye, this farm of 
lens may also be used as a magnifier, its focius being then from 
^ to ^ of an inch. 


When any of these lenses have to be held for a long time 
in the hand, much inconvenience will be felt, hence various 
stands or supports have been contrived by which the magnify- 
ing power may be kept in a fixed position over the desired 
object. The engraver, the wabhmaker, the jeweller, and the 
artist, all require some fonn of lens, and each has an appa- 
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ratus by means of which it may be supported and adjusted, 
making it, in fact, a single microscope ; and as it would be 
foreign to our purpose here to enter into the details of the 
various contrivances which have been adopted, from time to 
time, we shall merely make mention of those useful in micro- 
scopical investigations. 

Tlie most simple, but not the least useful of the single 
microscopes, is represented by fig. 27. It is principally used by 

watchmakers and wood- 
engravers, and consists 
of a loaded stand, of 
metal or wood, from 
which rises a circular 
stem of stout wire or 
tube ; upon this slides 
another piece of tube, 
carrying an arm also of 
stout wire, having at its 
end a ball and socket 
joint, and to the ball of 
this joint is attached a 
second smaller arm, to 
the end of which last, is 
fitted either a spring or else a ring, serving vhe purpose of 
carrying the lens; whcii^the spring is used, the magnifier 
generally employed is the one the watchmaker adapts to his 
eye, it is represented by fig. 28, and is nothing more than a 
lens of an inch focus, set in a long cell of 

W hom, enlarged at one end like a trumpet, 
tliis enables it to be grasped firmly by the 
muscles around the orbit, or if the ring be 
used, the lens may drop into it. The coarse 
axljustment is made by sliding the tube up 
Fig. 28. down the stem, whilst a finer adjustment 

is secured by means of the small ann and 
the ball and socket joint ; but it will be seen that if this last 
be used, a nd the arm be moved into any other position than a 
horizontal one, the lens will not be in a plane at right angles 




THE SIMPLE MICKOSCOPE. 


51 


to the object. To remedy this inconvenience, the author has 
found the following contrivance extremely useful, a section 
of the lens and cell in which it is contained being represented 
by fig. 29. The semicircular spring is retained, its ends are 

seen in section at h and 
entire in fig. 30 at r/, and a 
ring, a «, is adapted to it, 
rather less in diameter than 
the spring, and three-eighths 
of an inch in depth ; it has a 
shoulder or rim at one end, 
and also two steel pins, e c, screwed in near the top edge, 
exactly opposite each other ; these pins are received by two 
holes made in the semicircular S 2 )riiig, so that the cell may 
turn or swing upon the pins just as a compass on its gimbals. 
The lenses are made to drop into this cell, and it will be 
readily seen by fig. 30, which is a rci)rcscnt.ation of the arm 




Fig. 80 . 

and cell, just one-half its real size, that in whatever position 
the arm is idjiced, the cell carrying the lens wdll be always hori- 
zontal : — a exhibits the jiiccc of brass forming the connection 
between the two j^arts of the arm, it has a socket at one end, 
in which the ball, hy works ; c is the small wire arm sujiporting 
the sjiring, d ; c is the cell which carries the lenses ; 2 repre- 
sents the situation of the cell when the arm, c, is horizontal ; 
1 the same when the arm is elevated ; and 3 when depressed, 
in both these {daces the cell maintains its horizontal {losition. 

4 * 
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The lenses are set in brass frames, which easily fall into the 
cell, as seen in section in fig. 29, where e represents the lens, 
and d the frame in which it is set ; and when it is required to 
change the power, we have merely to turn the cell upside 
down, the lens will drop out and another can be substituted. 
It may be as well here to state, that the form of the low 
power lenses employed for the purpose of dissecting should be 
double-convex, a planoconvex, with its convex side towards 
the eye, gives a flat field, perfect in the centre, but not 
at the margins. This form of microscope is exceedingly 
useful for minute dissections of nerves that are carried on 
under water in troughs or other vessels, and will be found 
sufficiently steady for the purpose, the length of the arm 
allowing the lens to be brought over any part of the trough 
or vessel in which the dissection is contained, so that the size 
of the subject to be examined need not be considered. 

When a much more steady instrument is required for the 
purjioscs above described, Messrs. Powell and Lealand have 
contrived a form represented by fig. 31 ; it consists of a 

brass foot, or base, 5, 
about five inches in 
diameter, and an inch 
and a half thick ; to 
make^t more steady, 
it may be loaded 
with lead ; from this 
foot rises a trian- 
gular stem, «, about 
twelve inches in 
length, having a 
rack, dy on one of 
its sides; upon this 
stem, square box, 
c, carrying a pinion 
and two milled heads, 
is made to move up 
Fig. 31. and down by the 

rack. To the box is attached a strong tubular, but conical. 
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arm, nine inches long, provided at its free cud, «, with a 
stout ring, into which either a compound body may be 
screwed, as seen in fig. 32, or a lens, /, set in a large cell 

may drop. The com- 
pound body, it will 
be seen, has also a 
rack and pinion mo- 
tion ot* one inch in 
extent for a fine a<l- 
jiistnicnt, and the 
body itself may be 
inclined at any angle 
by means of a swivel 
joint to the ring. 
This instrument is 
particularly useful for 
minute dissections 
carried on in large 
troughs under water; 
and when the opera- 
tor wishes to view 
his dissection with a 
high power, he may remove the single lens under which 
lie has been^t work, and substitute for it the compound 
body, which is usually supplied yith three eye-pieces, and 
an inch and two inch object-glass ; but in no case is he 
required to move his dissection, as the compound body can 
bo applied to the same objects as the single lens, lo make 
this instrument available for the general purposes of a com- 
pound microscope, it is provided witli an oblong frame or 
box, open at the sides, and in the bottom of which is con-* 
tained a mirror; tlie top of :i box having a hole in it 
about an inc^ and a half in diameter, answers the purpose of 
a stage, and into it a pair of forceps, a fi*og plate, and other 
apparatus may be fitted, sus into the stage of an ordinary 
compound microscope. To the ring, als»j, loay be adapted a 
small arm, capable of carrying a Coddington or other lens ot 
high power. 



Fiji;. 32. 
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When portability is studied, a very convenient and useful 
microscope, for many purposes, can be readily made with one 
or both of the pocket magnifiers, before described at page 48, 
if cither of the two forms, as there represented, have a hole 
in the handle. These being provided with a stand, as repre- 
sented by fig. 33, of 
any convenient size, 
from which a small 
stem rises, the poeket 
lens may be made to 
slide up and down this 
stem, and if required 
to be fixed at any 
given point, a small 
screw will suffice for 
the puiq)Ose. 

This method of 
mounting the pocket 
lens on a stand was 
first suggested by 
Mr. Lister, and has 
been carried out by 
Messrs. Smith and 
Beck ; tut as the plan 
adopted by them, rcprcsci^tcd by fig. 33, is rather difierent 
from that just described, it will be rei[uisite here to give an 
account of their improvements.* Their pocket magnifiers have 
a square hole in the end, and they use a circular stand, and 
on the stem, which is round, a piece of brass is made to slide 
iq) and down, carrying a binding screw on one side, and a 
sinall arm on the other ; this ann is straight for about a fourth 
of an inch, and then is bent at a right angle for about the 
same length, the last part is square, and upon the square, the 
magnifier is made to fit; this is a much better plan than the 
former one, in which the screw for tightening is in the end of 
the handle of the magnifier, as less trouble is required in 

B} an iiiiij oi <lic tliu magnifier is represunlwl flic wrong 

Mde upwiu'dH. 
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fixing, and the magnifier itself can be taken off or put on with 
the greatest facility. 

Mr. Koss has contrived a small but exceedingly useful in- 
strument, answering the same purposes as the preceding; it is 
represented by fig. 34, and consists of a circular foot, e, about 



Fig. 34. 

an inch and<a half in diameter, from which rises a sliort 
tubular stem, r/, into this slides another short tube, c, carrying 
at its top a joint, f ; to the joint is fixed a square tube, «, 
through which a square rod, 5, slides; this rod has at one 
end another but smaller joint, ffj having attached to it a lens 
holder, A. By means of the joint at fy the square rod can be 
moved up and down, so as to bring the lens close to an object, 
or remove it from it, and by the rod sliding through the square 
lube, tf, the distance between the stand and the lens may 
cither be increased or diminislied ; the joint, at the end of 
the rod, is for the purpose of allowing the lens to be brought 
either perfectly horizontal, or to be inclined at any angle with 
the subject to be investigated. By means of the sliding tube, 
c, the distance between the table and the jointed arm can be 
increased or diminished. This microscope is provided with 
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lenses of one inch and one half-inch focal length for the dis- 
section and examination of opaque objects ; but by means of a 
dissecting table or platform, with a mirror underneath, as 
described with Mr. Powell’s instrument, page 53, it will 
answer equally well for transparent objects, especially if the 
dissecting rests, subsequently to be described, be used at the 
same time ; the joint at / allows of the lens being adjusted 
with very great nicety. 

This apparatus is also readily taken to pieces, by unscrew- 
ing the pillar, dy from the stand, and, with the lenses, dis- 
secting instruments, and forceps, is jiackcd in a small case, 
which can be carried in the pocket. 

These little instruments the Author has found extremely 
useful for the examination and selection from sand of many of 
the smaller kinds of foraminiferous shells. A small quantity 
of the sand siq)posed to contain them, may be spread on 
a i)iece of black paper on the table, and by means of this 
simple microscope, and a sable or other pencil brush capable 
of being brought to a fine point, a great deal of work 
may be j)crformed in a short space of time, and with 
much more ease than with a compound instrument, in 
which all the objects are reversed; and as the cost of 
these microscopes is comparatively trifling, and the uses 
to wliich they are a])plicablc so extremely* various and 
important, no student of ^iiatm^al history should be without 
one. 

The instrument best suited for dissection is one which was 
described in the forty-ninth volume of the Transactions of the 
Society of ArtSy by Mr. Slack, It consists of a box or case, 
seven inches high and four inches broad, represented open in 
fig. 35. The upper surfaces, r r, arc sloped off to four inches 
s(£uarc to form arm rests, afid the top is left six inches by 
four. The front of the case is provided with a flap or door, 
having liingcs at the bottom and a lock at the top; the 
mirror is situated in the bottom of the case, and is of large 
size, and directly over it, in the top, is an opening, < 7 , an inch 
and a qua i ter in diameter, which may be closed, if required, 
by a brass cap. 
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Fig. 36, is a back view of the instrument, arranged for use. 
The stage, /i, is screwed into the top of the box, and is raised 
one inch above it, by means of a tube, in wliich it is ina<le to 



Fig. ac. 

revolve, so that an object ])laccdv on it may be turned into any 
convenient position. The apparatus for carrying the lenses 
and for the adjustment of the same, is represented as it is 
attached to the back of the case. A vertical, stem, six inches 
long and four-tenths square, with a rack on one side, carries 
the lens holder, m w, which may be moved backwards and 
forwards by a rack and pinion at ?/?, and is made to turn hori- 
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zontally upon a steel pin at the top of the square stem. The 
stem is lowered and raised by a pinion with a large milled 
head, /, two inches in diameter, by which tolerably fine adjust- 
ments may be made, but finer still may be effected by the 
lever, Oy which fits into a scries of holes drilled in the circum- 
ference of the same milled head, L The whole of this adjusting 
api)aratus is attached to a plate of brass, j jy and is made to 
slide into another plate, i /, fixed to the back of the case by 
screws. When not in use, the entire apparatus on the top of 
the case may be removed and placed in a box or drawer in its 
interior. When transparent objects are being dissected, the 
screen, qy made of black cloth, may be attached in front of tlic 
stage by two brass pins, p p; this screen or curtain has a two- 
fold use, the one to intercept all extraneous light save that 
reflected from the mirror below, the other to keep the light of 
the lamp or candle employed in the illumination from the eyes 
of the observer. The pins, p py are bent a little forwards, 
that the curtain may not be in the way of the head. The 
microscope is thus arranged for the dissection of transparent 
bodies, such as the vessels or other tissues of plants, for which 
the inventor, Mr. Slack, was so celebrated ; but when opaque 
objects arc under examination, the condensing lens must be 
employed ; this may cither be fixed on a separate stand, or to 
some part of the top of the case. An improvement has been 
made by Mr. Goadby in this dissecting microscope of Mr. 
Slack : he places the stem for the adjustment, in the interior 
of the case, and the milled head only is allowed to project on 
the outside ; this can be put on or taken off at will, as the 
end of the pinion is made square to receive it. The case is 
on rather a larger scale than Mr. Slack’s, but in shape is 
precisely similar. As most of Mr. Goadby’s dissections are 
carried on under water, square tin troughs are used for the 
purpose, each of which has a circular ring fastened to the 
bottom, to fit info the aperture, ff, of the stage, and by this 
means they arc prevented from shifting their position. 

A very useful single microscoiie is that made by Mr. lloss, 
and described by him in the Pennp Ci/rlopmUuy article, Micro- 
scope.” It is represented by fig. 37, and consists of a brass 
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pillar, about six inches long, screwed into a tripod base ; to 
the upper part of the pillar is attached, by screws with milled 





heads, a large flat stage, provide^ with a spring clip, and 
other aj)paratiis for holding the objects. By means of the 
large milled head, a triangular bar, having a rack, is raised 
out of the pillar; this bar carries a lens-holder, having a 
horizontal movement in one direction, clfected by a rack and 
pinion, and a circular one, by turning on a pin. It is also 
provided with a concave mirror, for reflecting the light 
through the hole in the stage; a condensing lens, for the 
purpose of illuminating opaque objects, and a pair of forceps 
for holding small objects, may be applied to either of the 
holes in the stage. This microscope is usually supplied with 
lenses of one inch and one half inch in focal length for 
dissecting; but the higher powers generally employed are 
either doublets or triplets; or it may be converted into a 
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compound microscope by taking away tlie Icns-holdcr and 
substituting for it a compound body, and when provided with 
a cradle joint, cither at the top or bottom of the pillar, may 
be inclined after the manner of the larger instruments pre- 
sently to be described. 

This microscope, with its broad stage, is well adapted for 
minute dissections, and is rendered more convenient for the 
purpose if placed between two inclined planes, to be here- 
after mentioned, which form what is called the dissecting rest. 
This apparatus gives support to the arms, and brings the 
wrist on a level with the stage, whereby small cutting instru- 
ments can be managed with the greatest nicety. 

Another highly useful, and far more complete stand of a 
simple microscope, for the dissection of minute botanical and 
other olyects, was contrived by IVIr. Wm. Valentine, and 
constructed for him by Mr. Andrew lioss, in 1831 ; it is fully 
described in the forty-eighth volume of the Transactions of 
the Society of Arts^ and was one of the first simple microscopes 
j^rovided with a moveable stage, and with coarse and fine 
adjustments, as represented by fig. 38. It is supported on 
a firm tripod, made of bell-metal, the feet of which, a a «, 
are made to close up together. A strong pillar, h, rises from 
the trijwd, and carries the stage, e, this is further strengthened 
by two bj’ackcts, r r. From the tube or pillar, a triangular 
bar, d, and a triangular tube, c, slide, the one within the 
other ; the outer or triangular tube, c, is moved up and down 
by a screw, having fifty threads in the inch, turned by a large 
milled head, situated at the base of the pillai*, this is the 
fine adjustment. The small triangular bar, rf, is moved up and 
down within the triangular tube, c, just described, by means 
of a rack and pinion, turned by the milled head, forming 
the coarse adjustment: this bar carries the lens-holder, mnop. 
The stage, e, consists of three plates, the lowest one is firmly 
attached to the pillar, and upon this the other two work. 
The upper one carries a small elevated stage, < 7 , on which the 
objects are placed; this stage is mounted on a tube, f and 
has a spring clip. A, for holding, if necessary, the objects 
under examination. Cy means of two screws, placed diago- 
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nally, one of which is seen at 5, this elevated stage can 
Ijc moved in two directions, at right angles to each other, and 



Fig. 38.^ 


the dilfcrcnt parts of any object can be brought successively 
into the field of view. 

The arm, n />, which carries the lenses, is attached to the 
triangular bar, df, by a conical pin, on which it can turn hori- 
zontally, and the arm itself can be made longer or shorter by 
means of a rack and pinion, m o, attached to it, hence the 
lens, may be applied to all parts of an object without 
interfering in any way with the stage. 

The mirror, /, is placed upon the largest of the three legs 
forming the tripod, and consists of a concave and plane glass 
reflector. To the under side of the stage is fitted a Wol- 
laston’s condenser, \ and the lens is made to slide up and 
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down by means of two small handles projecting from the 
cell containing the lens. Two small tubes, t) into which 
cither a condensing lens or a pair of forceps may be fitted, 
are attached to the under side of the stage. 

The magnifiers employed in tliis instrument were either 
single lenses or doublets, and Mr. Valentine, who is so well 
known as a most skilful vegetable anatomist, has managed to 
dissect under a lens of onc-twentieth of an inch focus. 

To make it a compound microscope, the arm carrying the 
lenses can be removed, and a compound body, sui>portcd on 
a bent arm and provided with a conical pin, at its end, 
can be substituted, and the coarse and fine adjustments in 
the pillar will answer the purpose of focussing tlie compound 
instrument, as well as the simple magnifiers. 

This microscope, the first of the kind ever made by Mr. 
E.OSS, was remarkable for the excellence of its workmanship, 
and may be said to have paved the way for a new era in the 
forms of these instruments. 

A very useful microscope for dissecting is that made by 
Messrs. Smith and Beck, represented by fig. 39 ; it may be 
supported upon a heavy circular brass foot, or be screwed to 
the cover of a box, or block of hard wood. The central 
pillar is circular, about six inches long and three-fourths of 
an inch in diameter, and from it may be raised a triangular 
bar, by a rack and pinion, turned by two large milled heads. 
The lens-holder has two Inovements like that of Mr. Boss, 
the one by a pin fitting into the top of the triangular bar, 
the other by a rack and pinion. The mirror is of the usual 
construction. The stage is of a circular figure, three inches 
in diameter; into it may be fitted dissecting troughs, com- 
posed of a ring of brass, with a glass bottom, or a similar ring 
with an ebony bottom, and others equally useful, which arc 
covered or lined with cork. This instrument is supplied with 
single lenses and with doublets, and has proved a very useful 
working tool in the hands of Mr. Darwin, who suggested 
many ingenious pieces of apparatus to fit into the hole in the 
stage for holding subjects under examination. Besides this 
single microscope of Messrs. Smith and Beck, and those 
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previously noticed, there are many very useful forms sold by 
some of oiu: other opticians in this metropolis, and in the 



provinces ; those of Mr. Pritchard, which arc described in liis 
works, require especial mention. The author of a little 
trjict, entitled The Wonders of the Mieroscopcy rcconmicnds 
strongly an instrument invented by Kaspjiil, which can be 
bought in Paris for thirty fmnes, or about twenty-five 
shillings English : it is provided with lour lenses, varying in 
magnifying power from fifty to three hundred diameters. The 
author was lately shown one of these instruments, by his 
friend, Mr. II. W. Diamond, and can speak very favourably 
of its performance. 

As the single microscope is principally used for dis- 
section, the most essential pjirt, next to good glasses, is 
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a large firm stage for supporting the objects under exami- 
nation; and as it is found that, after a little jmictice, 
an object can be moved about on the stage with very great 
nicety, the stage movements may be dispensed with where 
low powers only arc employed ; but with doublets and trip- 
lets some more delicate adjustment than that of the hand 
becomes necessary, and such an instrument as that described 
by fig. 38 should be had recourse to, where both fine and 
coarse movements for the magnifiers are provided, and all 
parts of the object can be carried under the lens by the ad- 
justalilc stage. 

The magnifying powers generally employed with single 
microscopes, may be divided into those consisting of one lens 
only, and those of two or three lenses combined, from which 
circumstance tliey are termed doublets or triplets. In the 
first class arc included all the powers, from two inches up to 
one quarter, and sometimes one-tenth of an inch; these 
should be set in flat cells, like that seen in fig. 31, and be 
made to drop easily into the lens-holder. Some persons use 
planoconvex lenses for the very low powers, in these the 
centre of the field will be perfect and well defined, but the 
margins not so ; hence, both theoretically and practically, it 
will be found that double convex lenses arc the best 
for low powers, especially for dissecting; thos^ who are in 
possession of a two-inch achromatic object-glass, will soon 
learn that where very carehil work is required, a glass of tliat 
description will be by far the most pleasant to use. Mr. 
Powell supplies, with his dissecting microscope, represented 
by fig. 31, sometimes as ihany as seven lenses, the four lowest 
range in focal length from two inches to half-an-inch, and the 
fifth, is a Coddington lens, of a quarter of an inch focus, the 
remaining two being doublets, one of one-tcntli, tlie other of 
one-twi nticth of an inch focus. Two of these largest lenses 
are double convex, the other two either crossed or plano- 
convex. After the ordinary lens of half-an-inch in focus, the 
next increase in the magnifying power should be supplied by 
the Coddington lens, represented by figs. 25 and 26; this 
affords a large field, equally good in all directions, and its 



THE SIMPLE MICROSCOPE. 


05 


value IS intermediate between that of a double convex lens of 
the best form and a doublet or achromatic lens. The doublet 
in general use is that before alluded to as the invention of Dr. 
Wollaston, and represented in section by fig. 40. It consists 
of two planoconvex lenses, having their 
P focal lengths in the proportion of one to 
H three, or nearly so ; these arc set in two 

separate cells, a c, the upper one, (ij is ca- 
Fig. 40. pable of being moved up and down in f, 
by means of the screw, as represented by the figure ; this 
enables the optician to adjust them to perform accurately. 
Tlic lenses arc placed with their flat sides towards the object, 
and the one of longest focus, which is also the largest, is 
placed nearest the eye. Between the two lenses there is a 
stop or diaphragm, />, which, for accurate definition, should 
also be carefully adjusted. The doublet, as described by 
Wollaston, in the Philo,^ophical Transactions, was not pro- 
vided with a stop, nor does he even allude to the introduction 
of one; it is not certain, therefore, whether he was at all 
awai^e of its value, and his bright career having terminated 
in so short a time after the jmblication of the paper, the 
omission may, in some measure, be accounted for. 

The form of doublet described, at page 29, as the invention 
of Sir tJohn Ilerschell, although free from aberration in the 
centre of the field, has a great deal towards the margin, and 
is therefore seldom used as a magnltfer. 

AVlieii a triplet is required, it should be constructed on 
the plan of that of Mr. Holland, first described in the forty- 
ninth volume of the Transactions of the Societ/j of Arts, and 
bciforc alluded to at page 31 ; it consists, as is shown in sec- 
tion by fig. 41, of three planoconvex hmses, a be, the first two, 
a h, being placed close together, and the stop 
or diaphragm between them and the third 
lens, c; this combination of three lenses was 
used by Mr. Holland, cither as a simple 
microscope, or as an obj<‘tit-glass to a com- 
pound one; and, although tenned a triplet, 
it is essentially a doublet, having its front lens made up of 


Fig. 41. 
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two. A glass of this form is capable of transmitting as large* 
an angular pencil as 65 with perfect distinctness. 

The above described combinaiion of three lenses approaches 
so very (Josely to the objects to be examined, that they re- 
cpiire to be covered with the very thinnest mica, whieli is 
objectionable, and no more than three lenses can possibly be 
employed to form a single microscope ; hence the limit to the 
improvement of this instrument. Mr. Holland states, that 
for a triplet to be efficient for the podura, &c., it should be 
equivalent in power to a single lens of onc-twenty-fifth of an 
inch focus ; and in answer to those who object to the use oi* 
the triplet, on account o(* its approaching so closely to the 
object, he states that some of his prciparations are covered 
with mica so thin, that they can be examined by a spheruhi 
of onc-throe-himdi*edth of an inch focus. ^^It was at one 
time lioped,” says Mr. Ross, as the precious stones arc more 
refractive than glass, and as the increased refractive power is 
unaccompanied by a corresponding increase in chromatic dis- 
persion, that they woidd furnish valuable materials for lenses, 
inasmuch as the refractions would be accomplished by shal- 
lower curves, and, consequently, with diminished splicrical 
aberration.”* Ihit these hopes were disappointed: every- 
thing that ingenuity and pcrscvei’ancc could accomplish was 
tried by ]\Ir. Varlcy and Mr. Pritchard, under* the patronage 
of Dr. Goring. It appeared, however, that the great reflective 
power, the doubly-refracting proi)erty, the colour, and the hete- 
rogeneous structure of the jew’cls which were tried, much more 
than counterbalanced the benefits arising from their greater re- 
fractive power, and left no doubt of the superiority of skilfully 
made glass doublets and triplets. The idea is now, in fact, aban- 
doned ; and the same remark is applicable to the attempts at 
constructing fluid lenses, and to the projects for giving to 
glass other than spherical surfaces, — none of which have come 
into extensive use. 


* Art., Microscope, Penny Cyclopedia. 
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CHAPTEK II. 

COMPOUND MIOUOSCOPE. 

A COMPOUND microscope differs from a simple one in liaviiig 
the image of an object formed by an object-glass further 
magnified by one or more lenses forming an eye-glass ; or, in 
other words, the rays of light from an object being brought 
into a new focus, there form an image, which image being 
treated as an original object by the eye-piece, is magnified in 
tlic same way as the simple microscope magnified the object 
itself. For a microscope to be a compound one, it is, there- 
fore, necessary that it should have an object-glass and an eye- 
glass; in some of the old microscopes there Avere only tAvo 
lenses, but it lias been stated that, in tlie simple microscope, 
as many as three are employed to form a triplet, and yet, 
Avith this niunbcr of lenses, the microscope is still a simple 
one. This is easily explained: the first two lenses of tlui 
triplet only eftect Avhat might have been accomplished, but 
not so Avell, by one; and the third lens is only useful for 
modifying the light before it enters the eye. 

As the object of this work is entirely practical, no mention 
Avill be made of' the compound microscopes that have been 
heretofore, or are even noAV, manufactured in this country, 
lliat arc not achromatic, and wliich, therefore, arc unfitted 
for scientific investigation, and attention Avill be principally 
directed to those made by our first-rate opticians, Messrs. 
PoAvell, ivoss, and Smith, all of avIiosc object-glasses Avill 
stand the severe tests hereafter to be described, approaching, 
as far as avc can judge at present, the limits of conceivable 
perfection, and the stands or supports for which arc con- 
structed on the most approved mechanical principles, to 
lircA^nt tremor, and to afford the greatest facility for using 
the various moA'^cments, and, in point of workmanship, are 
also unequalled. 

Every compound microscope may be said to consist, like 
the simple one, of two essential parts, viz., the stand and the 
5 * 
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optical apparatus, both of which arc very much more com- 
plicated than they arc in the former instriuncnts. The stand 
is made up of the compound body (or tube for carrying the 
optical apparatus), and the stage with the supports and ad- 
justments for each; whilst the optical part consists of the 
object-glasses or magnifying powers, the eye-pieces, and the 
mirror. It little matters what the shape or size of the instru- 
ment may be ; for whatever plan is adopted, or in whatever 
country it may be made, the parts above described are strictly 
essential, and must be present in each. The compound Imdy 
IS gcncmlly a tube of brass, from eight to ten inches in length, 
and from an inch to an inch and a half in diameter ; to its 
upj^cr end the eye-pieces are adapted, to its lower the object- 
glasses; as tJiese latter arc of different magnifying powers, 
and as no two objects under examination arc of the same 
thickness, it is highly requisite that there should be some 
mode of focal adjustment applicable to every condition. This 
is clFcctcd in two ways, one of which is termed the coarse, 
the other the fine adjustment; the first is generally accom- 
plislicd by rack and pinion, by which the whole of the tube 
carrying the eye-piece and object-glass is made to approach 
or rcijcde from the object by turning a large milled head 
connected with the pinion ; wliilst in the second or fine ad- 
justment, the object-glass only is moved, and that by means 
of a very delicate sere w» acting cither on the long end of a 
lever or in some of the modes hereafter to be noticed, 
whereby the same result is obtained. In tlie best constructed 
stands, tlic entire compound body containing the magnifiers is 
moved up and down by the coarse adjustment, but in many 
of the older microscopes, as represented by fig. 21, there were 
two or more tubes to make up the compound body. When 
this was tlie case, the outer tube was firmly attached to the 
other part of the stand, and formed the guide for the inner 
one carrying the optical apparatus to slide through; under 
these circumstances the rack-work was placed in the com- 
pound body itself ; but much greater stability is ensured by 
the adoption of the former method. In some instruments 
there is a tube connected with the compound body, capable 
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of being drawn out to the extent of five or six inches: this is 
termed the draw-tube, into one end the eye-pieces lit, and 
into the other an crecting-glass is ma^le to screw. This 
<lraW“tube has a scale of inches and parts engraved on its 
outer side, as represented by fig. 42, where a is the eye- 
piece, h the upper end of the com- 
pound body, and c the draw-tube, 
with the scale of inches and parts 
on it. The many uses of this tube, 
and of the erecting-glass also, will 
be liilly described hereafter. The 
inner side of the tube carrying the 
inagnifiei's is, in all cases, provided 
with one or more stops or dia- 
phragms for cutting off the extra- 
neous pencils of light. 

The next part of the stand in 
importance is the stage or appara- 
tus on which the objects arc to be 
placed for examination ; this, in the 
most complete microscopes, consists 
of two or more plates of brass, one 
of which, termed the stage-plate, is capable of being moved in 
two directions, at right angles to each other, cither by screws, 
racks and pinions, by a combination of the two, or, more 
simply, by a lever. Upon the stage-plate another plate is 
adapted, termed the object-plate ; this last, for the more ready 
adjustment of the object to be examined, is made to slide up 
and down upon the stage-plate, and is generally supplied Nvith 
a raised ledge at its lower part, against which the objects 
themselves may rest when the stage is in an inclined position ; 
and sometimes another piece of brass, termed a clip, with a 
weak spring in its front part, is )iiadc to slide upon it, so that 
any object, if necessary, may be firmly secured betweeu the 
clip and the raised ledge- The object-plate, besides the move- 
ment up and down on the stage-plate, and that in two direc- 
tions at right angles to each other, effected by the screws ov 
raidt-work, has also a circular one in a horizontal piano, wliich 
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is accomplished by mounting it upon a short piece of tube, 
capable of fitting into another tube in the stage-plate; on 
this tube it turns, and by it the object-plate is also raised 
above the working parts of the stage-plate itself. 

The stage movements generally extend from half-an-inch 
to two inches, so that by the sliding up and down of the 
object-plate, and the distance the same plate is capable of 
being traversed over by the rack-work, all parts of an object 
of considerable size can be brought in succession into the 
field of view. The different methods of effecting these stage 
movements will be described with the instruments to which 
they arc severally adapted. To the under side of the stage a 
number of other pieces of apparatus can be fitted, viz., the 
diaphragm plate, the achromatic and other condensers, the 
lower prism of the polarizing apparatus, and the dark stops or 
wells, all of which will hereafter be descTihed. To the object- 
plate should also be fitted tlu' forceps for holding opaque 
objects. 

The methods of mounting the compound body and the 
stage arc exceedingly various, the most improved plans are 
represented in the following figures, and for our presemt 
purpose it will be merely necessary to divide them into two 
classes ; first into those in which the compound body is sup- 
ported at its lower end, on an arm capable of being moved 
up or down by a rack and pinion; and, secondly, into those 
in wdiicli the compound body is supported, cither by an arm 
firmly attached to the back of it, as seen in fig. 21, when it is 
necessary that the body should be composed of more than one 
tube, or where a lai’gc portion of its length is supported, after 
the plan of Mr. George Jackson. 

The remaining portion of the stand of the compound micro- 
scope consists of the foot or basis, and of one or more pillars 
or supports rising from it, to which the compound body and 
stagey arc attached. The foot is generally a stout tripod of 
brass, cast in one piece, or, for convenience of package, it may 
be composed of three flat feet, capable of being folded to- 
gether, as in fig. 21, or as in two of Mr. Powell’s instruments, 
of three longer legs, standing in an inclined position, like 
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those in a three-legged stool. Some makers even use a 
lieavy circular foot instead of a tripod, but tliis, although 
sti'ady when the instrument is upright, is not so when it is 
inclined. From a foot of one of the above fonns a stout pillar 
rises, having at its upper part a cradle-joint, to which both 
compound body and stage are firmly attached, so that when 
the joint is used, both these parts move tc^gethcr. Mr. George 
Jackson, having anticipated some difficulty in making a good 
c radle-joint, was induced to use two pillars instead of one, by 
whicdi a greater degree of steadiness was obtained ; his com- 
pound body and stage were connected to both pillars by 
Irunnions, on which they were made to turn. Mr. Jackson 
also mounted his coi^iipound body on a grooved bell-metal 
arm, — a plan somewhat similar to that adopted by Mr. Iloss, 
in one of his early microscopes,* and which will be more fully 
described in the instruments of Messrs. Smith and Beck, who 
have adopted it. Mr. Boss uses the tripod foot, and two flat 
sii])ports, by which the same end is accomplished as by 
pillars; but the supports, he considers, are much more free 
from vii)ration. In some of the recently constructed portable 
instruments, the stage is mounted on a strong pivot, on 
which it can be turned in the same direction as the coin])ound 
body, for convenience of package. Tlic smallest instru- 
iuents of Messrs. Powell and Boss are constructed on this 
principle. 

The optical part of the compouifll microscope consists of the 
object-glasses, the eyc-picccs, and the minor. The object- 
(/lasses 8 U 2 )plied with the best instruments are generally cither 
five, six, or seven in number, and vary in their magnifying 
power from 20 to 2,500 diameters; they are called two-inch, 
onodnch, half-inch, onc-ipiarter, one-eighth, one-twelfth, and 
one-sixteenth; but it must be understood that these names 
are not derived from the distance the bottom-glass of eacli 
combination is from the object, but from a fact found in 
practice, that a thin single lens, to magnify the same number 
of diameters as any of tlic preceding acliroinalic combinations, 


" Art., Miorob\.ope, Pcnnij ( V/. 
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would be rc(iiiired to bo of the same focal distance as that 
given to the others by name. In other words, if a single 
lens were made the object-glass of a compound microscope, 
and if it were necessary to employ a power equal to tliat of 
the one-fourth achromatic combination, with the same com 
pound body^ it would be found that a thin single lens of one- 
quarter of an inch focus would be required to give that 
power. It would be more useful in practice if the name 
given to each of the object-glasses were expressive of the 
magnilying power instead of being derived in the manner above 
described; if we take, for instance, the glasses called the 
half-inch, as constructed by each of our three eminent makers, 
and compare them together, we shall find that all three will 
differ, more or less, in their magnifying power, but still they 
all bear the name of liaH-inch; neither do two glasses, similar 
in name, even of the same maker, always agree exactly ; hence 
it would be very desirable in practice to apply a term to them 
which should express their magnifying power, but such a 
nomenclature could not at this advanced period be easily 
carried out. 

'llie eya^pieces supplied with the compound achromatic 
niicroseopes are generally three in number, and the form 
employed is that known by the name of the Iluyghenian, it 
having been first ('inployed by Huyghens for his telescopes. 
15ach one consists of two planoconvex lenses placed at a dis- 
tance from each other equal to half the sum of their focal 
lengths ; the jdanc surfaces of the lenses arc towards the eye, 
and that nearest the eye is tcraicd the eye-glass, whilst that 
most distant is termed the field-glass. A stop, or diaphragm, 
is placed about half-way between the two lenses, this arrange- 
ment was adopted by Huyghens for the purpose of diminishing 
the spherical aberration, by producing the refraction at two 
glasses instead of one, and of materially increasing the field of 
view; but it was reserved for Boscovich to point out that 
another valuable property of this eye-piece was the correction 
of a great part of the chromatic aberration as well. This 
subject has been since critically examined by Mr. Vailey, 
and to his paper, in tlie fifty-first volume of the l^ransactiom 
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tif the Society of Arts, the author would refer those of his 
readers who would wish to gain more information upon the 
matter. Another eye-piece sometimes employed is the in- 
vention of Rainsden ; it consists of two planoconvex lenses as 
in that by Huyghens, but the field-glass is reversed, or its 
plane surface is placed farthest from the eye-glass ; this in- 
strument, which will be again alluded to in the chapter on 
micrometers, is chiefly used when it is required to measure 
the magnified image of any object, hence it has been fre- 
quently called the micrometer eye-piece, the divided glass 
being placed immediately in front of the field-lens. When 
this eye-piece is used, the image is formed in front of the 
field-glass, and, conse(j[uently, the focal point of the eye-piece 
is outside the field-glass; but in the Iluyghenian form, the 
image of the object is formed at tlie diaphragm between tJie 
field and eye-glass; lienee the former has been termed the 
positive, and the latter the negative, eye-piece. 

The mirror generally consists of a frame of brass, in which 
are set two silvered glasses, one coneave the other plane, 
which should not be less than two inches in diameter; the 
former reflects the light in converging the latter in parallel 
rays. For facility of adjustment, the frame carrying the 
glasses is made to turn in every direction, by means of joints, 
and in the best microscopes it is adapted to a tube on which it 
can be slid either up or down, and so be approximated to the 
under surface of the stage, in order that the rays reflected 
from the concave surface may be brought into a focus or not 
u[)on any given object on the stage. In some microscopes 
the plane mirror is replaced by one made of plaster of Paris, 
which reflects a soft white light, or by a prism of glass, the 
invention of M. Diijardin. Mr. Varlcy has suggested a plan 
of covering the plane mirror witJi iioundcd glass, or carbonate 
of soda, by which means the light of a bright cloud opposite 
the sun may be artificially imitated, and even the rays of the 
sun itself may be reflected, and so produce a soft white light. 
The different modes of using the mirror will be alluded to in 
the chapter devoted to the illumination of microscopic objects, 
where, also, will be described several other kinds of appa- 
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ratus^ whereby the quality of the light may be materially 
modified. 

All the parts essential to a compound achromatic micro- 
scope having now been described, attention will next be 
directed to the different arrangements adopted by the prin- 
cipal makers to render the mechanical part most effective, 
and, as in all other cases, the names of the manufacturers 
will, as far as practicable, be taken in alphabetical order, no 
preference being given to the workmanship of one over that 
of another, but credit always awarded wherever it may be 
due. 

MESSRS. POWELL AND LEAIwAND’S ACHROMATIC COMPOUND 
MICROSCOPE. 

This instrument, first described in the Microscopical Journal^ 
Vol. I., page 177, is represented by fig. 43 ; it stands on a 
firm tripod base of brass, on which is a circular plate ; to thih 
two stout pillars are attached, bearing at their upper extremi- 
ties the ends of the trunnions, upon which a strong piece of 
metal, giving attachment to the compound body and the 
stage, is supported ; by means of the circular plate, the pillars 
can be turned upon the tripod, and the weight of the com- 
pound body and stage brought over one or more of the feet of 
the tripod, and the instrument, therefore, rendered more 
steady. This plan of using the double pillar was first adoptcid 
by Mr. George Jackson, in 1838, and possesses the advantage 
of being light and of distributing the weight of the superin- 
cumbent parts more equally on the tripod than where only one 
pillar is employed. The compound body is supported nearly 
the Avhole of its length on a strong ann, having a hollow frame 
at its top, after a plan first described by Mr. Powell, in the 
fifty-third volume of the Transactions of the Society of Arts, 
Tlie coarse adjustment is made by a rack and pinion contained 
within the frame above noticed; and the latter turned by 
the large milled head A. In order that the compound body 
may be moved easily and still be very steady, it is attached 
to a cimllc resting upon two rollers, one inch-and-a-quartcr 
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wide, and three-and^a-half inches apart, this being ecj[uivaleTit 
to a triangular bar of the same size. The fine adjustment is 
made by a screw witli a cone, against wliicli the cradle, or 
portion of brass attached to the body, is firmly pressed by 
means of a spring ; one of the milled heads of the fine adjust- 
jnciit is seen at 11. lly this method of mounting the com- 
pound body, aU tendency to run down by its own weight is 
prevented, in consequence of its motion being that of a 
sliding combined with a rolling one. The lowe.r part of tlui 
arm carrying the compound body at 1 is provided with a 
conical pin fitting into the piece of metal supporting tlic 
stage; by this a circular motion is obtained, and tlie body 
can be turned away from the stage, so that an object placed 
upon it can be properly adjusted before the body is brought 
over it. Tlie stage is of the form first construi'tcd by Mr. 
Turrcll, and described by him in the forty-ninth volume of 
the Transactions of the Society of Ai'ts, It has a motion each 
way of three-quarters of an inch in extent, that from side to 
side being effeeted by a screw turned by the milled head C, 
whilst the up and down motion is performed by a rack and 
pinion in connection with the milled head D. The stage- 
plate has a circular motion, and on it is a spring clip II for 
securing the objects when tlie Instrument is inclined. A 
small arm E is seen underneath the stage; this carries the 
dark wells, to bo used when minute opaque objects arc illu- 
minated by the Lieberkubn. The mirror is mounted ratlier 
differently from those supplied with other microscopes ; instead 
of a semicircle of brass with two pins, on which the frame 
containing the reflectors may turn, there is a quadrant of 
brass, having at one end a strong pin on which the frame is 
turned up or down, and at the other end a still stronger one, 
on which the quadrant and the frame together are capable of 
being revolved; this last fits into a short piece of tube, 
made to slide cither up or down the long tube attached to 
the bottom of the stage, by which tlie mirror is connected 
with the other part of the stand; the reflectors themselves 
arc both plane and concave, as in other instruments. With 
this microscope are siq)plicd an achromatic condenser, a 
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iincrometer, frog-plate, vial-holder, small and large condens- 
ing lens, steel disc a substitute for tlie camera lucida, 
polarizing prisms, and many other important pieces of aj)pa- 
ratus, and the price varies from forty to seventy guineas, 
depending upon the number of the powers and the apparatus 
attached thereto; the powers themselves range from the 
two inch to the one-sixteenth, and magnify from 20 to 2,500 
diameters. 

A second microscope, constructed by Messrs. Powell and 
Lealand, and known by its being mounted on three legs, is 
described in the London Phijsiolof/lcal Journal^ is 

represented in Plate 2. The tlmee legs inclined, as seen in 
the figure, support, at their upper part, the trunnions to 
which the tube, J, and the stage arc attached. From out the 
tube, J, a triangular bar is raised by a rack and pinion con- 
nected with the large milled head, A. To the upper part of 
the triangular bar a broad arm is fixed, bearing the compound 
body ; this ann is hollow and contains the mechanism for tlie 
fine adjustment, which is effected by turning the milled head, 
Jk The arm is connected with the triangular bar by a strong 
conical pin, on which it turns, so that the compound body 
may be moved aside from tlie stage when necessary. Tlie 
stage is similar to that described in the preceding instrument, 
and is capable of being moved from side to side by the milled 
head, C, and up and down by that at D. When both arc 
turned together, a diagonal movement is produced, the axis of 
1) is carried through to the opposite side of tlie stage, where 
there is another milled head, so that, if necessary, both hands 
may be employed at the same time. The achromatic con- 
denser is represented as fixed into its place at the bottom of 
the stage, where also may be seen an arm, E, for the stops or 
dark wells. The mirror, G, and the spring clip to the stage, 
II, are all similar to those described in the fonner instrument. 
In order to render the compound body exceedingly steady, 
two small rods, springing from the arm, are attached to the 
back part of the body a little above the centre. To this 
microscope, as well as to the preceding, all the apparatus 
there mentioned can be fitted. The stand itself is not so 
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costly as the first described; and, although much lighter aiu5 
more portable than it, is nevertheless exceedingly steady, 
from all the parts being accurately balanced. 

MESSRS. POWELL AN1> LEALANO’S PORTABLE MICROSCOPE. 

One of the most portable and convenient forms of compound 
microscope is that made by Messrs. Powell and Lealand, and 
represented by fig. 44, about one-third of its actual size. It 
is supported on three legs, ABC, capable of being folded one 
upon the other, and when so folded can be brought in a line 
with the tube D E, supporting the stage, Cx, and the mirror, 
P, and througli which slides the triangular bar, H, having at- 
taclicd to it the arm, I, carrying the compound body, L K ; 
this last, for conveniences of package, is made to unscrew at 
K, and the eye-piece, L, being removed, the folded legs can be 
passed through the tubular part of the body, and both together 
laid parallel with the tubeDE. The legs arc connected with the 
tube D E by a strong curved piece of brass, M, which winds 
round to the opposite side of the tube ; a stout pin, with a 
screw nut, serves as an axis upon which the tube, D E, and all 
that is attached- to it, can be turned from a vertical to a hori- 
zontal position. The stage, Gr, presenting a box-like appear- 
ance, is also capable of being turned into a position parallel 
w\t\i the folded legs, by drawing back the sliding-piece, P, 
which, when in use, keeps^it in a horizontal position. The 
apparatus for moving the stage is contained within the box, 
(t, and is similar to that employed by Messrs. Powell and 
Lealand in their larger instruments, the up and down move- 
ment being performed by turning the milled head, N, and 
that from side to side by the larger milled head, O. The 
slide, (i, is for the purpose of supporting the object when the 
microscope is inclined, and in it are tw'O sockets for receiving 
the forceps for holding opaque objects. To the undcr-sidc of 
the stage are attached a diaphragm and a small arm for carry- 
ing the dark stops or wells ; and, should it be required, an 
achromatic condenser, or polarizing prism, may be fitted into 
the place occupied by the diaphragm. The coarse adjustment 
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of the instrument is effected by rack and pinion, by which the 
triangular bar, II, and with it the ann, I, carrying the com- 





pound body, K L, arc moved up or down, the rack being 
situated at the back of the triangular bar and the pinion con- 
nected with the large milled head, R. The fine adjustment 
is made by turning the screw, S ; this acts on the end of a lever 
contained in the hollow ann, I, by which the short tube, T, to 
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which the object-glasses are attached, is slowly raised or de- 
pressed. The mirror, F, is made to slide up and down the 
tube, D E, and being mounted on a semi-circular arm, can be 
turned in every possible direction. 

One great value of this microscope is its extreme portability, 
as the whole apparatus, consisting of tlie above described 
instrument, together with four object-ginsses, two eye-pieces, 
animalcule cage, dark stops, forceps, &c., can be packed in a 
box, the internal measurement of which is nine inches long, 
five broad, and two deep. 

Besides the tlirce preceding microscopes of Messrs. Powell 
and Lealand, there are two others made by them requiring 
especial mention. The first of these is of large size, and 
consists of a heavy tripod base, from which rises a short stout 
pillar, having a cradle joint at its summit, to which is attached 
a triangular bar, fifteen inches in length, and each of its 
sides one-inch-and-a-quartcr broad. To the middle of* this 
bar a stage, seven indies square, is fixed ; it has the same kind 
of adjustments as those of the smaller instruments, being made 
also on Mr. Turrell’s plan, and, from being of large size, 
the hands of the operator do not interfere with the object 
when adjusting it. The milled heads for effecting the adjust- 
ment arc placed in a line, so that one hand only is required to 
move the stage in two directions. The compound body is 
firmly supported on the upper half of the triangular bar by a 
f'rame which fits the bar*" accurately and is made to move 
smoothly up or down by rack and jiinion turned by two milled 
heads; the compound body is also capable of being turned 
away from over the stage by means of a joint in the franu) 
supporting it. The fine adjustment is made by an endless 
screw and two inclined planes ; it has also two milled heads, 
only two inches apart from the coarse, but both horizontal 
and parallel with them; by this means, the hand may 
be passed from one to the other very readily. To the 
lower j)art of the triangular bar is adapted the mirror, which 
is of the same construction as that previously described, but 
cajiablc of being moved up and down on the triangular bar 
by rack and pinion; the achromatic condenser is attached 
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to the mirror, and is moved with it on the bar, so that 
the axes of its lenses may coincide with those of the object- 
glasses. To the stage may be fixed all the usual apparatus, 
and even a frame of large size for holding such objects as are 
three or four inches broad. The weight of this instrument is 
very great, and it is remarkable for its steadiness and the 
excellence of the workmanship ; its price, with all the appara- 
tus complete, approaches nearly to one hundred pounds. In 
consequence of the great amount of labour expended in its 
constmetion, and its necessarily high price, the demand for 
this microscoiic has not hucn great for the last few years, the 
three previously des(;rihed having in a measure siq)erseded it. 
Another very usel\il microscope for general purposes, made by 
Messrs. Powell and Lc'aland, is much less costly than any of 
the others, the trij)od and supports for the compound body 
and stage being made of cast-iron ; the stage is of large size, 
aiul they have lately eftccted a great improvement in it by 
making it adjustable by a lever; in the stages hereafter to be 
described with the lever movement, two or more jdates are 
employed, but in this instrument one only is used, and it per- 
forms exceedingly well, being very steady even with the 
highest powers. The compound body is supported on an arm 
fixed to the back of it, and the coarse adjustment is made by 
rack and pinion, the fine by a screw acting on the end of a 
lever. This microscope is available for all the })urpos(*s to 
which the more costly ones arc applied, and is particularly 
useful to the medical student, to whom its low price is also a 
great recommendation 

MU. boss’s compound and simple microscope. 

This instrument, first described by Mr. lloss, in the London 
Physiological Journal^ in 1843, is ] epresented by Plate 1 ; and 
as no language of the author could convey so good an idea of its 
construction as that given by INIr. Koss himself, he will here 
take advantage of it, and quote his own words : — 

^‘Thc mechanical construction represented in Plate 1, is 
derived from a practical acquaintance with the various ini- 
6 
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provcments made in the microscope for the last twelve years. 
The general arrangement, wliich is properly the province of 
the mechanic, has been contrived to obtain the utmost freedom 
from tremor, and to afford the greatest facility in using the 
various movements, while the extent, direction, and number 
of these liave been collected from the experience of the most 
indefatigable observers in all the various branches of micro- 
scopic inquiry. Nearly five hundred instruments have been 
made on the plan here represented, and as no alteration or 
addition has been found necessary for the accomplishment of all 
the modes of microscopic investigation at present employed, 
the mechanical stinicture of the microscope stand may be con- 
sidered thus far established. 

The optical part also has arrived at such perfection, that 
points or lines, whose distance is such that their separation is 
bordering on interfering with the physical constitution of 
light, can be distinctly separated; thus ensuring a reality in 
the appearance of objects, where the minuteness of their 
detail approaches the natural limit of microscopic vision. 

^^Description of the Instrument^ (Plate 1.) 

“ A A arc two uprights, strengthened by internal but- 
tresses, mounted on a strong tripod, B, at the upper part, and 
between the uprights is an axis, C, upon Avhich the whole of 
the upper part of the instrument turns, so as to enable it to 
take a horizontal or vertical position, or any intermediate 
inclination, such, for instance, as that shown in the plate. 
Tliis moveable part is fixed to the axis near its centre of 
gravity, and consists of the stage, D D, the triangular bar 
and its socket, E and F, the arm, G, wliich carries the 
microscope tube, II, and the mirror, I. The stage, D D, has 
rectangular movements, one inch in extent, on the racked 
cylinders, a u, and are moved by pinions connected with the 
milled heads, h h' ; it also has the usual appendages of forceps 
to hold minute objects, and lens to condense the light upon 
them. The triangular bar, together with the arm and micro- 
scope tube, is moved by the milled heads, e e, and a more 
delicate adjustment of this optical part is effected by the 
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milled head, f. The other milled head, g, fixes the arm, G, 
to the triangular bar. 

The outline of the structure, as before observed, has been 
arranged to obtain, first, the utmost freedom from tremor, 
and secondly, to aflFonl the greatest fiicHity in using the 
\ arious movements. 

“ In experimenting to obtain the first of these conditions, I 
suspended the moveable part of the instrument near the centre 
of gravity, and employed the inverted pendulum (an instru- 
ment contrived to indicate otherwise insensible vibrations) to 
arrange the form and quantity of material so as to produce, 
as nearly as possible, an equality of vibration throughout the 
whole instrument; hence the object upon the stage and the 
optical part vibrating equally, no visible vibration is caused. 
The arrangement for accomplishing the second condition is, 
first, that the whole movements should be as near the 
base of the instrument as is consistent with the greatest 
proximity among themselves ; then the milled heads, e and /, 
for moving tlic triangular bai*, and the fine adjustment for the 
optical part, should be moved by the left hand, while the 
1 leads, h //, for the movement of the stage, should be worked 
by the right hand. The other milled head, c, is convenient 
when the right hand may be unemployed with the stage 
movements. The positions of the milled heads, h h\ are ex- 
tremely convenient, as the middle finger may be placed under 

and the fore-finger under 6', and the»thumb passed from the 
one to the other in the most natural and easy manner. The 
left hand is also readily shifted from the milled head, e, to 
employ the fore or middle finger to move the screw head, f. 
This head is connected with a screw and lever, which makes 
one revolution of it move the optical part one-three-hundredth 
of an inch. This arrangement affords an elastic movement to 
the end of the tube, as a guard against injuring the glasses or 
the object under examination.” 

In consequence of the improvements at this time being made 
by Mr. Koss in the illuminating part of the microscope, which 
will considerably modify the general form of the instrument, a 
separate description will be given in the Appendix. 

O’* 
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MR. ROSS’S PORTABLE ACHROMATIC COMPOUND 
MICROSCOPE. 

This instrument is represented by fig. 45, and, like the 
larger one, is supported on a firm tripod base, a, from which 
rise two strong uprights, 5, supporting at their upper parts the 
trunnions to wliich the square frame, r?, carrying the stage and 
the tube, eZ, arc attached. Witliin the tube, rZ, a smaller tube 
is made to slide up and doAvn by rack and pinion, the former 
is seen at ?/, the latter being turned by the milled head, o; 
this forms the coarse adjustment. To the upper part of the 
inner tube a very stout arm, is attached by the screw, jT, on 
which the arm may be turned ; into the opposite end of the 
arm, the compound body, is screwed. The fine adjustment 
consists of a conical-pointed steel screw pressing against the 
top of a slit in an inner tube, to the end of which the adapter 
for receiving the object-glasses is fixed. The stage has the 
usual rectangular motions, that f)*om the side being performed 
l)y a screw and nut, by turning the milled head, Z, whilst the 
u]) and down movement is cffectcjd by rack and pinion, by 
turning the milled head, L The stage-plate is provided with 
a sliding-rest, Z, by which the distance of an object from the 
central hole in the plate may be regulated before focussing ; 
this answers the purpose of* the conqdicatcd sliding frame in 
the more expensive instruments. At the upper part of this 
stage-plate there are Uwi holes for the reception of the forceps 
and side reflector, "fo the under part of the stage the achro- 
matic condense!*, the diaphragm-plate, the dark wells, and 
polarizing prism, may all be adapted as in the larger instru- 
ments ; and, for convenience of package, the stage itself may 
be turned on a pivot, so as to be at right angles with tlie 
tube, (1. The mirror, is mounted in the usual manner, and 
is capable of being raised up or down the tube, rf, on which it 
is supported. 

This stand, like the preceding, is constructed on a plan 
ascertained by Mr. Koss, after a lengthened series of investi- 
gations, to be the most steady, and is j)articularly to be 
recoijL»mended to those whose means arc limited, in conse- 
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quence of its low price, it being of a fonn which may be 
added to from time to time, according to the wants of tlje 
employer; thus, for instance, a vertical stand with two eye- 
pieces, exclusive of the object-glasses, may be procured with- 
out the stage movements or the fine adjustment, at the small 
cost of £4 IO 5 . ; and as both the stage and the compound 
body are of the same size in the vertical as in the perfect 
instrument, the fine adjustment and stage movements may be 
added to the former at any time, and render it as complete as 
that represented by fig. 45. 

For convenience of })ackage, the compound body mtiy be 
unscrewed from the arm, <*, and the entire instrument, together 
with condensing lens, forceps, animalcule cages, &c., be fitted 
into a case seven-and-a-half inches high, six-and-a-half inches 
broad, and five-and-a-half inches deep ; or, if preferred, the 
foot, AT, may be removed from the uprights, />, and the stage 
being turned parallel with the axis of the tube, r/, the whole 
will pack in a fiat box scvcn-and-a-half inches long, fivc-and-a- 
half inches broad, and two-and-a-half inches deep. 

Mr. Ross has also made a small complete microscope stand, 
which is a perfect model of the larger instrument. This, to- 
gether with all the apparatus, is packed in a case nine inches 
long, six-and-a-half inches wide, and three inches deep, and 
forms a very compact travelling microscope. 

Besides the ])receding instruments, Mr. Ross has made 
iilany other kinds. One of the best of these is described and 
figured in the article Microscope,” in the Penny Cyv.loimdia ; 
this was the instrument having the middle-third of the com- 
pound body supported by a triangular cradle on a bell-metal 
arm, which suggested to Mr. Jackson the plan of attaching 
the entire length of the body to an arm somewhat of the 
same kind, but with dove-tailed slides, for it to move up and 
down on. 

The stage which Mr. Ross adapts to his microscopes difters 
in some few respects from those employed either by Mr. 
Powell or Mr. Smith: the movements are effected by two 
racks and pinions placed at right angles to each otlicr, and 
either woj*ked by milled heads placed underneath the stage at 
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right angles to the movements, or else as seen in Plate 1, 
where they are both in the same plane with them; in the 
portable instrument there is, however, a screw introduced 
instead of a rack, by wliich the movement from side to side is 
eftectcd ; but the screw is a fixture, and the stage-plate, with 
the milled head attached, is moved backwards and forwards on 
the screw. 

To all Mr. Boss’s instruments the achromatic condenser, 
the polarizing prism, and other apparatus, are capable of being 
adapted, but there is no draw-tube to the compound body in 
cither of them for the crccting-glass or micrometer eye-piece, 
as in the microscopes of Messrs. Smith and Beck ; the form 
of cyc-piece employed by Mr. Ross not requiring such an 
addition in the use of the micrometer. 

MESSRS. S.MITII AND BECK’s LARGE ACHROMATIC COMPOUND 
MICROSCOPE. 

This instrument is represented by Plate 3, and consists of a 
firm tripod base, A A A, upon which two strong pillars, 
B B, are screwed : these at their upper parts suj^port the 
trunnions, to which the bell-metal arm, C, and the stage, E, 
are attached, and by means of wliich this part of the instru- 
ment can be inclined at any angle. The arm supports the 
entire length of the compound body, F, on its inner edge, 
wliich Is ploughed out in such a nlanncr as to receive two 
brass rods or guides attached to the compound body ; one of 
these, which is soldered to the whole length of the body, is of 
a triangular figure, and to its apex is screwed a thin flat piece 
of metal of corresponding length, about five-eighths of an inch 
broad, and one-cighth of an inch thick, having a rack, or 
sometimes, two racks, cut on its outer or unattached side; 
the former guide fits into a triangular channel ploughed out 
of the arm, and the latter slides into a channel of the same 
shape as itself Immediately at the back of the triangular one ; 
the triangular guide forms a finn support for the body to rest 
upon, and the flat guide answers the pui*pose of kcciiing the 
first in close apposition with the channel, whilst by the rack 
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at its back, the movement of the body up and down the arm is 
clFected by the pinion connected witli the milled heads, G Cl, 
which form the coarse adjustment. There is a draw-tube at 
the upper end of the body, into which the eye-pieces and 
erecting-glass lit, and to tlie lower end there is added a short 
tube, to cany the object-glasses ; this is moved up and down 
slowly by the nut, K, acting on the end of a lever, and so 
forms the fine adjustment. The stage adapted to this instru- 
ment may be one of two forms, cither one whose movements 
are effected by a lever, or else so constructed that the up and 
down motion is produced by a rack and pinion, and that from 
side to side by a s(a*ew, whose axis is carried across to the 
opposite side of the stage, and tluTc can be turned by t]ic hi ft 
hand. The lever stage is represented as attached to the 
instrument; this is constructed ai'ter tlie plan of that of iVlr. 
Alfred White, and described by him in Yol. I, of the Trans- 
actions of the iXricroscopical Societf/. It consists of three plates 
of brass, the lower one of which Is fixed, and the otlier two 
provided with certain dove-tailed guides and slides, so that 
the upper one may be moved by a lever, cither independently 
of the middle one, or else be carried along with it. The levcir 
is seen at O; it is about five inches long, and Is loaded with 
metal at Its upper ptirt, so as to balance the weight of tlu^ 
stage-plate, and at its lower end is provided witli a l)all work- 
ing iii a socket connected with the upper plate; about an 
inch higher up is anoth(?r ball working in a st)cket, T, in a 
small arm connected with the support of the compound body, 
C The dove-tail guides of the middle stage-plate arc 
arranged horizontally, wliilst those of the uppea* plate arc 
placed vertically; when, therefore, the lever, o, is moved 
cither to or from the support of‘ the compound body, both 
stage-plates will move horizontally in the opposite direction, 
but when tlie lever is moved in a line parallel with the side of 
the same support, then only the upper one is moved ; and as 
the end of the lever to which the hand is ap])licd moves in all 
cases in an opposite direction to that of the ball, «, and as the 
compound micros(!0])c always inverts the image of the object 
under •xaminatlon, the object will appear to move in the 
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direction of the hand. The object-plate is provided with a 
spring clip, N, capable of being slid up and down, and of being 
turned upon the upper plate of the stage, and is always moved 
with it. To the under side of the stage, the diaphragm, K, is 
seen attached. Mr. Wliitc’s lever stage, of which the above 
described is a modification, is represented by fig. 46, as fixed 
for use to the lower end of the arm supporting the cojnpound 

body. The mirror, S, is of 
large size, and is mounted on 
a tube, W ; it has plane and 
concave refiecting surfaces ; 
the frame is supported by a 
semlcivcidar piece of brass, T, 
with two pins for it to turn 
on, at U is a joint on which it 
can be moved horizontally, and 
at V another joint for turning 
it away from the axis of the 
instrument, so that very ob- 
licpielightmaybe sent through 
the hole in tlic stage, and by 
means of the short tube it may 
be slid up and down on the 
support, W. In the arm, C C, 
may be^secn two square Jioles, 
d d, into these the sii])ports of the side reflector and of the 
small condensing lens .are made to fit, and arc kept firmly 
fixed by the screws, D D. 

'lo tills instrument, if preferred, another stage may be 
fitted, as exhibited in Plate 3, fig. 2, where A represents part 
of the large arm for supporting the compound body, B one of 
the iiilhirs, C the joint, and 1) the tube for tlie mirror. The 
stage-plate, Ij, carrying the object-plate, F, is moved from side 
to side by the milled head, G, connected with a screw, Avhosc 
axis passes through to the opposite side of the stage, where 
there is another milled head, and uj) and down by a rack and 
pinion connected with the milled head, 11. 
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MESSRS. SMITH AND BECK’S SMALLER ACHROMATIC 
COMPOUND MICROSCOPE. 

This instrument is represented in Plate 4, fig. 1; it is 
mounted on three feet, AAA, capable of being closed to- 
gether ; into a circular plate attached to these feet is screwed 
a pillar, B, having a cradle joint, C, at its upper part ; to the 
joint is attaclicd a bent arm, D, grooved like that of the larger 
instrument, and supporting in a similar manner the compound 
body, G, the triangular guide and rack being seen at E. The 
milled heads, F F, are for the coarse adjustment. To the 
bottom of the compound body there is attached a small tube, 
into the lower end of which the object-glasses arc screwed, 
and to its upper end a lever, the short extremity of whose 
long end, I, is capable of being moved up and down by the 
nut, K, working on the screw, H, and so forming tlie fine ad- 
justment ; the tube is kept tight against the nut by a spring, 
which, when the object-glass is accidentally brought in contact 
with any object on the stage, allows of its retreating for a 
short distance, and in most cases, prevents either the object 
or the object-glass itself from being fractured, hence it has 
obtained the name of the safety-tube. To the lower end of 
the ann, D, the stage, K, is screwed; this consists of two 
plates, which arc capable of being moved in two directions at 
right angles to each other, by racks and jwuions connected 
with the milled heads, M M. The object-plate, L, is pre- 
cisely similar to that in the preceding instrument, and to the 
under side of the stage all the usud apparatus may be fixed. 
Tlie miiTor, N, is mounted in tlie ordinary way upon a semi- 
circular frame, O, having a pin passing through a piece of 
cork in the end of the tube, P, on this it can be turned hori- 
zontally. To render this a cheaper instrument, the stage 
shown at fig. 2 may be substituted for the adjustable one. A 
represents part of the arm supporting the compound body, B 
a plate of brass attached by screws to the lower end of the 
same ann, C the joint at the upper part of the pillar. Upon 
the plate B is supported the object-plate, D, capable only of 
being moved by the fingers in two directions, the one verti- 
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cal and the other circular. On account of the feet folding 
together, this microscope can be packed in a flat box, the 
thickness of which is regulated by the breadth of the stage. 
When more portable and less expensive stands are required, 
the two following deserve especial notice. 

MESSRS. SMITH AND BECK’S ACHROMATIC COMPOUND 
MICROSCOPES POR STUDENTS. 

Fig. 1, Plate 5, represents the largest of these instruments. 
The base is composed of brass, cast in one piece ; it stands on 
three feet, AAA, from which proceed the two flat, upright 
cheeks, B B, having a trunnion joint at C, on which the stage 
and the compound body are capable of being turned. Into 
the plate, 11, is screwed a stout tube, L, upon which slides 
another tube supporting the straight arm, M. This iMSt is 
ploughed out in the same manner os the arm in the larger 
instruments, and the compound body, N, resting on the guides, 
O, is moved up and down it by turning the milled head, P. 
Witliin the tube at Ij, to which also the arm, M, is attached, 
is situated a spiral spring, that keeps the arm, M, always 
firmly in contact with the plate, I ; against this last the fine 
screw, K, with a graduated milled head, presses ; when the 
screw is turned, both the arm, M, and the compound body 
arc moved slowly up or down, forming the fine adjustment. 
The spring is prevented from forcing the arm, M, out of the 
tube, L, by a stop situated just above the milled head, K, 
which is not represented in the figure. The stage is a plate 
of brass, about four inches long and two inches wide, having 
dove-tail grooves, in which the frame, for holding the ob- 
jects, slides up or down, it being readily moved by two small 
handles projecting from it ; one of the ends of the frame is 
provided with a socket, F, for the reception of the forceps and 
other instruments. The mirror, D, is mounted in the usual 
manner on the semicircle of brass, E,- and is capable of being 
turned on a large pin fitting into the end of the tube which is 
attached to the under surface of the stage. 

The second microscope is constructed much on the same 
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plan as the last described, but is much smaller, and only 
capable of being used in the upright position; it is repre- 
sented by fig. 2. The stand is supported on three feet, 
AAA, having two flat upright checks, B B, connected with 
them, to the top of these the stage-plate, D, is fixed. The 
tube, Gr, is screwed into the upper surface of the stage-pljite. 
Within it, as in the larger instruments, a smaller one slides, 
having the arm, II, supporting the tube, I, connected with it. 
Tlirougl; the tube, I, slides very smootlily up and down the 
compound body, L, carrying the cyo-picccs and object- 
glasses ; this forms the coarse adjustment, whereas the fine 
adjustment is made by turning the screw with milled head, 
E, which either raises or depresses the arm, II, and the entire 
compound body, L I, with it, in the same manner as was 
described in the preceding instrument. A diaphragm, K, is 
fitted into the bottom of the stage-plate. The mirror, C, is 
supported on trunnions working in the front part of the 
cheeks, B B ; but having only a circular movement, hence it 
is required that the light to illuminate objects should be 
always in front of it. A stand of this description is ex- 
ceedingly useful for keeping on the table where dissections 
arc going on, as small portions of the different tissues can 
readily be placed under a quartcr-of-an-inch object-glass, and 
be examined as they are removed, the shortness of the stand 
allowing of its being used without much trouble ; and almost 
all objects, for temporary purposes, being mounted in fluid 
between glasses, they are apt to slip down when placed on 
the stage of an inclined instrument; and as all the large 
microscopes arc too high to be used on a table at which dis- 
sections arc carried on, without cither being inclined or the 
dissector being obliged to get up from his scat every time an 
object placed between glasses, with or without fluid, is re- 
quired to be examined in the horizontal position, this little 
instrument is extremely useful for these purposes, and 
two such, one provided with a power of forty, the other 
with that of two hundred, should be always at hand; 
they are most efficient working tools, the cost of each 
without glasses not exceeding £3. The sliding up and 
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flown of the body, L, in the outer tube, I, forms a very good 
coarse adjustment, whilst, after the object-glass has been 
brought sufficiently near the object by this means, tlic fine 
will answer for the remainder. The height of this instru- 
ment, when the compound body and draw-tube are shut 
down, is not more than eight inches, and it is not much too 
large to be carried in the coat pocket. With all these micro- 
scopes the usual accessory instruments are supplied if rc- 
(piired ; many of them differ in some points of construction 
from those both of Messrs. Powell and lioss, and with them 
will be fully described in the chapter devoted especially to 
the consideration of these subjects. 

liefore concluding this chapter, the author would direct the 
attention of his readers to the compound microscopes of IVIr. 
J'ritxJuird, fully described in the last edition of his Microscojric 
Illustrations^ where will also be found full directions for the 
construction of proper stands, and the methods of using the 
various microscopes and the pieces of apparatus supplied with 
them, with numerous illustrations to explain the same, all of 
which subjects will repay an attentive perusal, 

A compound microscope constructed by JVIr. Varley, and 
ilcscribcd by him in the fifty-fifth volume of the Trans-- 
actions of the Societtj of Arts^ as the Single Lever Microscope^ 
here also requires especial notice. This instrument is repre- 
sented by fig. 47, ouc-third of the real size, and consists of a 
hollow foot, somewhat like that of a bird in shape, from 
which a stout pillar rises, having at its top a thick, flat disc 
of brass, «, with a central hole; to this the microscope is 
joined by means of a strong block, &, whose fixcc is turned to 
fit against it ; a central screw passes through the hole, and all 
the imjiortant parts of the instrument arc kept fast to the 
bloek by the screw nut, e. Through the block, h, slides the 
long rod, d, agiiinst which a saddle is placed for the screw, c, 
to bind it fast at any height. To the same block, />, the back 
plate of the stage, y, is fastened ; from this is given off the 
arm, r, which, in connection with the shorter arms, q q, sup- 
ports the fulcrum of tlie lever, , 9 , having attached to it two 
balls, the lower one of which works biitwcen two plates ai p. 
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and the upper one between two otlicrs at t; to the upper of 
these last the stage-plate, /«, carrying the object-plate, ?/, is 



Fig. 47. 

joined. The lever descends sufficiently near to the table to 
enable the hand, wliilst resting thereon, to pull or push it in 
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any direction, and so move the stage the reduced quantity, which, 
in this case, is as one to six. To enable both sides of the stage- 
plate, h, to move simultaneously, a parallel motion is added, 
one of the rods of wliicli is seen at ?/’. Whichever way the 
linlls and sockets move, the stage-plate, /^, obeys their mo- 
tions, and an observer, with the lever in his hand, may follow 
the course of any living object. By an error on the part of 
the artist, fig. 47 is reversed ; the lever should be on the right 
hand. 

To the lower part of the stage is fitted either one of Mr. 
Varley’s dark chambers, or a Wollaston condenser: Mr. 
Varley prefers the former, as it is more free from colour. At 
the lower part of the tube, into which the rod, rZ, slides, is 
seen the mirror; this, as in Mr. Powell’s microscopes, is 
mounted on a bent arm, and, if necessary, by means of a 
sliding tube, may be moved up or down the tube, z. The 
tube of the compound body, 1, is mounted by means of a hollow 
case or trough, 2, having two arms, 7, upon the rod, rf, and is 
kept firmly fixed in any position by means of a screw with a 
milled head and a bent spring. To the back of the tube is 
soldered a rack, tliis is connected by two saddle-pieces, 3, with 
a bar, 4. A pinion, held in a spring, made of plate-brass, as 
wide as the trough, is attached by a screw to its inner side, 
and the milled heads which turn the pinion arc seen on cacli 
side of the same trough ; by either of these the coarse adjust- 
ment is effected. Through the upper part of the tube, 1, slides 
that part of the compound body which supports the eye-piece, 
and to the lower end is attached a bent arm, through which 
works the milled head-screw, 12 ; above this is another bent 
arm connected with a smaller sliding tube bearing the object- 
glasses ; within this tube is a spiral spring, the action of which 
causes the tube to be pushed out, but this is prevented by 
the long arm of a lever, 11, against which the screw presses. 
When the screw therefore is turned, the arm, 11, is either 
raised oT depressed slowly, and by this the fine adjustment is 
accomplished. A condensing lens, 27, is most conveniently 
held by a moveable arm ; the curve, 29, and joint, 30, allow it to 
be moved to or from the stage, either vertically or horizontally. 
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SO as to suit evciy purpose. For convenience of package, or 
for applying Mr. Varlcy’s graphic cyc-piecc to this instru- 
ment, the compound body and its supports, 7, may be 
removed from the rod, ^/, and the rod itself may be drawn out 
of the tube, z, so as to allow of any object not more than tlu'ce 
inches tliick being examined under a lens of two inches focus. 
Amongst other advantages in this microscope, there is added 
to it a small ])iecc of apparatus, by which a phial having 
chara growing in it, or animalcides adhering to its inner sur- 
face, may be examined in a vertical position : many of these 
last would, in all probability, be shaken off if the phial were 
turned about when inclined. Also, by the addition of the 
graphic eye-picce, the tracing of all kinds of obj(‘cts, whether 
magnified much or little, can be readily accomplished, '^fhe 
price of this microscope, exclusive of the object-glasses, varies 
from £20 to £30. Another very excellent form of micro- 
s(?ope is that constructed by Mr. Dancer, of 43, Crosvs-street, 
Manchester; it is represented by fig. 48, and consists of a 
firm tripod of brass, from which rise two stout pillars, bearing 
at their upper extremities the trunnions that support a slightly 
curved arm, to which the stage and compound body are at- 
tachoil, somewhat after the jdan of that of Mr. George 
tTackson. TIic compound body itself consists of two tubes, 
the outer one l)cing at tached to the arm by two saddle-pieces 
with screws; this tube is sprung at cither end, and within it a 
smaller one can be moved up and down by rack and pinion, 
turned by a large milled head ; this forms the coarse adjust- 
ment, whereas the fine is effected by a plan of Mr. lloss, 
viz., by a lever attached to the small tube canying the 
object-glasses, which is moved cither up or down by a finc- 
threadt^d screw. The stage is about four inches long, and two- 
aud-a-half broad, and on it slides an object-plate longer than 
the stagc-i)late, but about half its breadth. To tlic front of 
the stage may be fixed the forceps and a large condensing 
lens, if necessary. The mirror is of the usual form, and is 
capable of being moved up or down the tube that connects it 
with the under surface of the stage, and can also be inclined at 
any angle. With this microscope, Mr. Dancer supplies the 
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usual amount of object-glasses and other apparatus, and to the 
correct performance of the former the aiitlior is happy to add his 
willing testimony; although they do not surpass those of 
the three principal makers in this metropolis in their defining 
and penetrating power, they are, nevertheless, capable of 



exliibiting remarkably well tlie usual test objects, and are, 
on account of their cheapness, highly to be recommended. 
The stand itself is very well planned, and the manner in which 
the workmanship is executed reficcts very great credit on tlie 
manufacturer. Mr. Dancer lias lately made two or tJircc iin- 
7 
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provcmcnts in the stand of his instruments; the compound 
body is now nioviutcd upon a plan somewhat like that of 
Messrs. Smith and Beck ; it slides up and down in a dove- 
tailed groove in tlic arm, but the dove-tail is turned the reverse 
way ; its extent of motion is much increased, so that the lowest 
powers may be employed, and two milled heads instead of 
one, as hcrctolbrc, have been adapted to the rack movement. 
He has also added the moveable stage, represented in fig. 48, and 
increased the angle of aperture of the two inch, one incli, and half- 
inch object-glass to the same extent as those of Messrs. Powell, 
Iloss, and Smith, so as to render them capable of being used 
with the ordinary long compound bodies and eye-pieces of 
high power. 

Mr. Pillischer has been a manufacturer of microscopes in 
this metropolis for the last four years; he supplies three kinds 
of stands. The first and most complete of these is represented 
by fig. 49 ; it consists of a firm tripod of brass, A, similar to 
that of Mr. Ross, in Plsitc 1 ; to this arc fixed the two curved 
supports, R B, of a stout plate, capable of being turned on 
two trunnions, one of Avhich is seen at C. This plate forms 
the under surfacje of the stage, I, and to it is firmly fixed the 
bent arm, D, supporting the compound body, which last slides 
in a dove-tailed groove, after the plan of Mr. Jackson, and is 
moved up and down by rack and pinion. There is a draw- 
tube in the compound body at F, nmnediately below the eye- 
piece, (t ; the coarse adjustment is made by two large milled 
heads, one of which is seen at E ; the fine, as seen at H, by a 
screw acting on the end of a lever, a plan first adopted by 
Mr. Ross. "I"he stage, I, is on Turrcll’s plan, but by a con- 
trivance of Mr. Pilllschcr’s, it is considerably reduced in thick- 
ness ; the two rectangular movements being eflfccted by 
turning the milled heads, K L, the latter having a corre- 
sponding milled head on the opposite side of tlie stage. The 
mirror, M, is of the usual construction, and slides up and 
down a tube attached to the under surface of the stage-plate. 

A second microscope for students has a foot and uprights, 
the same as the larger microscopes ; the support for the com- 
pound body is a bent arm, to wliich is attached a tube, about 



THE COMPOUND MIOBOSCOPE. 


99 



Fig 49. 


foiii* inches in lengtli, through which the compound body is 
nioved by a rack and pinion, as in the microscope represented 
in fig. 48 ^ jg exposed. There is no fine ad- 
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justmcnt; the stage consists of the usual sliding-platc, which 
may be moved up and down by the fingers, or by a lever, 
after the author’s plan ; the under surface of the stage is 
supplied with a diaphragm. 

Anotlier microscope, made by IMr. Pillischer, is contained 
in a box seven inches long, by four inches broad, and two-and- 
a-half inches deep ; this box forms the foot, and into the cover 
screws a - tube, three (quarters of an inch in diameter and six 
inches in length, having another tube sliding within it capable 
of being mov(‘d up and down slowly by means of a fine screw ; 
to this tube Is attached a strong arm, to which the compound 
body, six inches in length, is screwed ; the compound body is 
also composed of two tubes, and beibre being used, the inner 
one is drawn out two inches, to make it the usual length. 
The stage is of an oblong square figure, and one of its edges 
is furnislied wdth a tongiKi-picce to slip into a slot attached to 
a short piece of tube which slides up and down the main 
stem, and so forms the coarse adjustment. The iniri’or is 
situated at the bottom of the stem, and is mounted in the 
usual manner. Phis instrument will answer for all the pur- 
poses for which an ordinary microscope can bo used, either in 
the inclined or vertical position, the inclination being given 
by opening the cover and keeping it in one place, by means 
of two long hooks. The low price and portability of this 
instrument arc its princij)al recommendations. 

Although the microscope stands of Mr. Pillischer do not 
dificY very materially in external form from those previously 
described, yet, from b(^ing very simple in their construction, 
he is enabled to furnish them at a rather cheaper rate than 
those manufactured by the more celebrated opticians. The 
author, however, from what he has seen, can speak well of the 
manner in which the Avork is executed, and thinks that of 
the mieroscropes manufactured in this metropolis, the stands of 
Mr. Pillischer arc next in point of merit to those of Messrs. 
Powell, Eoss, and Smith. 

Mr. King, of Bristol, has been for some years a maker of 
the stands of achromatic microscopes ; he usually supplies two 
kinds, one very similar to that of Messrs. Powell and Lea- 
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land, represented in Plate 2, tlic other somewhat like that of 
Mr. Ross, in fig. 45. The first is the largest and most com- 
plete; it is su])ported on three inclined legs, as in Plate 2, 
but the mode of mounting the compound body is like that in 
Plate 1, and the fine adjustment is placed on the top of tlic 
arm, not on one side as in Plate 2. To this instrument may 
be applied all the usual apparatus, moveable stage, achromatic 
condenser, &c., with which other first-rate microscopes are 
furnished. The second microscope is smaller than the pre- 
ceding, and is intended chiefly for students. In form it is 
very similar to that represented in fig. 45, but the uprights 
to support the stage, which is of large size, are shorter ; and 
it is not generally provided with stage movements or fine 
adjustment. 

INIr. King makes no claim to originality in flic form of 
stands he adopts, but has selected what he deems the best 
points of construction in those of the first London makers. 
The author can, however, highly commend tlie manner in 
which the work is executed. 

Report speaks well of the stand of the achromatic mi(*roscope 
constructed by JMr. Abrahams, of Liverpool, whicli very much 
resembles that of Mr. Ross, in fig. 45. "Fhc stage employed 
in this microscope has either a rack movement or is one after 
the plan of the author, in which two levers, capable of being 
removed, are used to give motion in two opposite directions. 
IMr. Abrahams also supplies a IcnticAilar achromatic prism, as 
a substitute for the mirror and condenser. 

FOREIGN MICROSCOPES. 

For the information of such of his readers as may be 
desirous of knowing what difference of construction exists be- 
tween English microscopes and those employed on the con- 
tinent, the author has thought it advisable to describe the 
forms of stand manufactured by some of the most approved 
foreign opticians. Amongst these Plbssel and Schick, of 
Vienna ; Pistor, of Berlin ; Chevalier, Oberhauscr, and 
Nachet, of Paris, deserve especial mention. 
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THE MICROSCOPE OF SCIIIEK. 

The microscope of Schick (for the loan of which the author 
is indebted to Mr. W. Francis) is represented in fig. 50 ; it 
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consists of a stout pillar of brass, A, supported on three feet, 
]} C D, and having at its upper part a cradle joint, E, to 
wliich is attached a triangular bar of steel, F, upon which 
slides the support, G I, of the compound body, K, and that of 
the stage, N. The coarse adjustment is made by the milled 
head, II, by which the compound body is raised or depressed 
on the triangular bar; but the fine, by a long screw, L, having 
a nut, M, attached to the support of the stage, N, the adjust- 
ment being effected by raising or lowering the stage. The 
mirror, 0, is of the usual construction. 

MICROSCOPE OE PTSTOR. 

The microscope of Pistor, as seen in fig. 51, stands on three 
feet of brass, A B C, capable of being Iblded togetlier; these 
support a long steel bar, 1) E, upon which the tube, F, 
carrying the curved arm, G, supporting the compound body, 
11, is made to slide by raising or depressing the handle, 1 ; 
this forms the coarse adjustment. The fine adjustment is 
effected by the milled head, L, acting on a screw at the upjier 
part of a steel rod, K, which passes through a block of brass, 
T\I, attached to the back part of the triangular tube, F; to the 
lower pai’t of this rod is fixed a nut with a spiral spring, P, 
and above it is another block of brass, Q, attached to the 
back of the triangular bar ; over this is seen another piece of 
brass, K, capable of being moved up and down the steel rod 
by the handle, S. The two milled heads, N O, serve to keep 
siicure the blocks, M R, to the roil, K ; when that at N is un- 
screwed, the tube, F, and with it the compound body, arc 
capable of being moved up and down the bar, so as to form 
the coarse adjustment ; but when the stcicl rod, K, is fixed 
to the block, M, by the screw, N, and the spring, P, is kept 
f^tretelied by the block, R, and screw, O, the com])oiind )>ody 
may be slowly raised or depress('d by the nut, Ij, which forms 
Ihe fine adjustment. The stage, T, is fixed to the triangular 
bar, it is of small size, and has two diagonal movements by 
means of screws, the milled heads of wliieh, V W, arc gra- 
duated into one hundred parts. The mirror, X, of the usual 
form, is attached to the lower end of the triangular bar. 
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With this instrument and the preceding arc supplied six 
object-glasses, capable of being employed singly or three at 
once ; the three smallest constituting the highest power. 



Fig, 51. 
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THE MICROSCOPE OP CHEVALIER. 

This instrument, called the universal microscope, is repre- 
sented by fig. 52. The foot, or base, is formed by the box 



in which the microscope is packed ; into thiwS is screwed a 
stout pillar, A A, supporting a square piece of brass, B, 
having a cradle joint, C C, at each extremity. With the 
upper surface of this piece of brass, B B, is connected the 
compound body, D, liaving at one end a piece of tube, IVI, 
containing a small prism, m o, and at right angles to it a 
smaller tube, carrying the object-glasses, n. To the lo>vcr 
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part of the piece of bra^s, B B, is fixed a square stem, E E, the 
posterior surface of which, r r r, is provided with a rack, by 
means of whicli the supports, G, of the stage, P, and of the 
mirror, H, can bo raised or depressed. By this means the 
coarse adjustment is formed, the fine being effected by tlie 
screw, L L, which moves the stage up or down without 
affecting the rack-work. The com{)Ound body, D, has a 
draw-tube, (J, capable of being moved out or in by the rack, 
B, and a pinion connected with the milled head, S. This 
microscope is generally used in the jiosition rejircsentcd by 
fig. 52, but when tlie tube, M, is removed, and a straight 
piece to carry the object-glass is substituted, it may be con- 
verted into a vertical microscope, by means of the joint C B, 
or again into a horizontal one by the joint B C ; the prism, 
VI Oy being for the purpose of bending the rays, so that 
they may pass through the compound body. In ordc‘r to 
know when the stage, P, is perfectly horizontal, a stop, F, is 
fixed to tlie bottom of the square stem, 12 E. The mirror, 11, 
like tlie stage, can be raised or depressed on the stem by rack 
and pinion. 


THE MICROSCOPE OF OUERIIAUSEK. 

M. Oberhauser, of Paris, constructs two kinds of micro- 
scopes, one for dissection, the other for general purposes. 
The former was described in tlie first edition of this work, the 
latter is rejiresented by fig. 53. It consists of a circular foot 
or base, four inches in diameter, loaded with lead ; iqion this is 
fitted a stout tube, two inches high, on which the stage rests. 
This tube has an oblong opening in front for the light to fall 
on the mirror, and the tube itself is callable of being turned 
upon the foot, and the stage upon it, so that not only can 
the light falling upon the mirror be put in any situation, but the 
stage, and with it the object, can be revolved, so that rays, 
however oblique, may be thrown upon all sides of any object. 
To the stage is fixed the support of the compound body, in 
which arc contained the adjustments; the coarse effected 
by rack and pinion, and the fine by a screw. A very coarse 
adjustment is made by sliding the compound body up and 
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down the tube into which it fits.* The centre of the stage is 
made of black glass, ground very smooth, wliicli looks neat, 
and Is not easily soiled or scratched. 

nacuet’s microscope. 

The form of stand adopted by M. Nachet, to whom miero- 
scopists arc indebted for several ingenious pieces of apparatus 
presently to be described, Is, in many I’cspccts, similar to that 
of Oberhauser, and is represented by fig. 54 ; the chief diftc- 
rcncc in the base of the stand being the length of the tube, F , 
for the purpose of adapting the sliding frame, T, and lever, 1 j. 
Hic coarse adjustment is made by rack and pinion, by which 
tlie tube, B, into which the compound body. A, slides can be 
moved up and down; whilst the fine is effected by the screw, 

* M. Oberhauser, in his later instruments, has done away witli the i at k 
movement, and has placed the milled head for the fine adjustment at tlio 
bottom of the support of the compound body, instead of at the top. He 
has also increased the length of the compound body. 
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G, by which the support and the compound body also are 
raised or depressed. The compound body, A, can not only 



be moved up and down in the tube, B, but can be taken 
away, and another body employed for the purposes of disscc- 
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tion may be substituted, which will be subsequently described. 
The black glass for the stage, and the mirror, together with all 
the motions of the tube, F, upon the foot, and that of the stage, 
and with it the compound body upon tlie tube, arc all similar 
to those of M. Oberhauscr, but the mode of applying the 
polarizing apparatus, achromatic condenser, &c., beneath 
the stfigc, are so very ingenious, as to require a separate 
description. 

In fig. 55 arc shown the stage and a portion of the tube sup- 



Fig. 55. 


porting the same, but in order to render the use of the slide, 
T, more plain, it has been represented as drawn out to its 
fullest extent. In the centre of the slide is seen the tube, V, 
which is capable of being raised or depressed by the lever, L ; 
into this tube, the polarizing apparatus, the achromatic con- 
denser, the oblique prism, &c., are placed; the slide, T, 
being pushed in as far as it will go, the tube, V, is then im- 
mediately under the hole in the stage, O ; in this ])Osition the 
tube can be raised or dc])resscd as accurately as by a sennv or 
rack-work. The knobs, E, arc for the purpose of drawing 
out the slide, T, the hole in the tube, O, is to allow of the 
movements of the lever. By this arrangement, any kind of 
condenser or the polarizing ai)i>ai'atus may be placed under 
an object on the stage, without its being in the least disturbed. 
To this microscope M. Nachet adds a moveable stage, composed 
of a sliding-plate, which is made to move by two screws, jdacod 
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diagonally, a curved spring keeping the plate in contact with 
the screws. This stage has three pieces of brass projecting from 
its circumference to fit over the edge of the stage-plate of the 
microscope, and by these it can be so elevated above the stage- 
platc, as to allow of light being thrown very obliquely under 
any object, by means of a prism invented by Amici, which 
will be described in another part of tliis work. The workman- 
ship of this instrument is exceedingly well executed, and of 
the continental microscopes, it is certainly one of the most 
perfect and complete in all its parts. The author is indebted 
to Mr. Wan’cn Dc La Eue fbr the loan of the microscope of 
which fig. 54 is a representation. 

The object-glasses supplied with all the above-described 
microscopes, except those of Messrs. Powell, lioss, and Smith, 
and the lowest, viz., two-inch, one-inch, and half-inch of Mr. 
Dancer, are all constructed nearly on the same plan, and will 
be described in the chapter devoted to the “ Magnifying 
Powers.” 

Having noticed all the important points in the con- 
struction of the principal English and foreign microscope 
stands, whereby great steadiness, accuracy of adjustment, 
portability, and other valuable requisites have been so suc- 
cessfully carried out, oiu: attention must now be directed to 
the apparatm that may be added to any instrument to render 
it complete for all the purposes of scientific investigation. 


CIIAPTEK III. 

ACCESSORY INSTRUMENTS. 

IJEsrDES the object-glasses, the eye-pieces, and the mirror, 
together with the parts constituting the stand of a microscope, 
such as the compound body and the stage, with the supports 
and adjustments for each, it has been found in practice highly 
essential that certain other instruments should be supplied. 
These may be divided into two classes; first, into those which 
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arc subservient to the illumination of objects, and, secondly, 
into those for the purpose of keeping objects in, whilst they 
are being examined, or for preparing them lor exami- 
nation. Amongst the former may be mentioned all the 
various kinds of diaphragms, condensers, illuminators, po- 
larizing apparatus, dark wells, &c. ; and amongst the latter, 
the live boxes, animalcule cages, fishing tubes, &c., all of 
which require special notice. 

The Diaphragm . — A very useful piece of apparatus applied 
to the under surface of the stage in most microscopes is the 
diaidiragni, represented by fig. 56* ; it consists of two or more 
plates of brass, one of which is perfo- 
rated with four or five holes of dilferent 
slz(js, this plate is of a circular figure, 
and is made to revolve upon another 
plate by a central pin or axis ; this last 
plate is also provided with a hole as 
large as the largest in the diaphragm- 
plate, and corresponds in situation to 
the axis of the compound body. To 
ascertain when either of the holes in 
the diaphragm-plate is in the centre, a 
bent spring is fittcjd into the second 
plate, and rubs against the edge of the 
diaphragm-plate, which is provided 
with notches, so that when either of 
the holes is brought into its proper 
position, the end of the spring drops 
into the notch. The space between 
the largest and smallest hole is greater 
than that between any other two ; this answers the purpose of 
stopping olF all the light if necessary. The diaphragm is 
attached to the under surface of the stage, either by a sliding- 
plate, as seen in the figure, o.* by a short piece of tube 
fitting into the hole of the stage, and securely fixed in the 
pro 2 )cr position by a bayonet-joint. The former method is 
adopted by Mr. lloss and Sir. Smith, and the latter by Mr. 
Powell; every part of this instrument through which the 
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light passes is blackened, so that no other rays than those 
from the miiTor should interfere with the illumination. The 
use of the diapliragin is to modify the rays reflected from the 
mirror, and to limit the angle of the pencil of light allowed to 
fall on the object under examination. 

When a very bright light is employed for some time, the 
eye will often suffer greatly from fatigue, and when taken 
away from the instrument, a dark spot will be seen upon any 
object that is white ; to remedy this inconvenience, a piece of 
grey or neutral tint glass may be placed over the hole in the 
fixed plate, and when the light is passed through either of 
these, it is so very much softened, that the relief afforded to 
the eye is truly astonishing. 

Dark Chamber ^ — This instrument, like the diaphragm, is 
fitted to tlic under surface of tlie stage, and is represented by 
fig. .57 ; it consists of a plate of brass, e, into which is soldered 

a short piece of tube, having a dia- 
phragm or stop, a, in which is an 
aperture equal in area to the field of 
view of the lens, and no larger; 
below this is a sliding tube, with 
an aperture rather larger than that 
at a ; this last can be moved up and 
down until the light at a is of the greatest intensity, the aper- 
ture at a being always in proj^ortion to the size of the lens 
employed ; this instrument is the contrivance of Mr. Varley, 
and is described by him in the forty-eighth vol. of the Trans- 
actions of the Society of Arts, lie a2)plics it always to his 
instruments, and on account of there being no lens in its con- 
struction, the light is not decomposed ; he, therefore, prefers 
it to the Wollaston light for a (!ondcnser. It is always em- 
ployed with his phial-holder, and will be again alluded to. 

IVollaston Condenser , — This instrument, like the preceding, 
is also fitted to the under surface of the stage ; it consists of a 
short tube, in which a planoconvex lens, of about three-quar- 
ters of an inch focal length, is made to slide up and down ; 
this apparatus is represented in section by fig. 19, or as 
ap[)lled to a microscope in fig. .'IS, where the lens, set in a 
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frame, is moved iip or down by two small handles. For cor- 
rect definition, Dr. Wollaston employed a stop immediately 
above the mirror, between the mirror and the lens, but 
it has been found much better in practice to apply the stop 
between the lens and the object ; this improvement was made 
by Dr. Goring, and by it the length of tube employed is not 
only rniich shorter than that suggested by Wollaston, but the 
definition is greatly improved by the arrangement. Dr. 
AVoIlaston states that "the intensity of illumination will de- 
j)cnd upon the diameter of the illuminating lens and the pro- 
])oi tion of the image to the perforation, and may be regulated 
according to the wish of the observer.” 

Achromatic Coiidem^cr . — The condenser of Wollaston, just 
described, although a very great improvement over the ordi- 
nary methods of Illuminating, is, nevertheless, to a certain 
extent, faulty, in conso(|uencc of not being supplied witl? an 
achromatic lens ; to remedy this inconvenience, M. Dujardin, 
in 1840, contrived an instrument which he termed an cclairaf/Cy 
for the purpose of illuminating objects with achromatic light ; 
a modifi(!ati()n of this apjiaratus is now supplied with all the 
best microscopes, and is known as the achromatic condenser, 
and although it is applied in diilerent ways to the micro- 
scopes of our three eminent makers, it, nevertheless, consists of 

three essential j)arts ; viz., an 
achromatic combination, an 
adjustment of focus for the 
same, and a means of making 
the axes of the object-glass 
and of the condenser coincide 
exactly. When the com- 
j)Ound body is made to turn 
away from the stage, the 
apparatus for adjusting the 
axes is very simple, and the 
plan adopted by Mr. Koss and 
Mr. Powell is represented by 
fig. 58 ; it consists of two 
tubes, sliding one within the 
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other, to the outer one, />, is attached a flat plate, a, wliich 
slides underneath the stage, and is adjusted for distance by 
the screw, f ; at c is seen a milled head, which is connected 
to a pinion, and by means of a rack attached, the inner tube, 
carrying the achromatic combination, d, is raised or depressed ; 
the upper part of the outer tube, is larger than that at r?, 
this is for the j)urpose of allowing the milled ridge of the 
achi’omatic combination to pass up and down freely. For the 
low powers, such as the half and quarter of an inch, the com- 
bination, rf, only is used ; but with the higher powers, the 
. scciond part, <?, may be slipped over dy whereby the focal point 
of the illuminating rays will be materially lessened in dia- 
meter, although increased in brilliancy. The flat mirror 
is generally used as the reflector or the prism described in 
page 118. 

When the compound body can be turned away from the 
stage, the adjustment of the axes of the illuminator and ob- 
ject-glass is a very simple matter, the only movement rcijuired 

in the condenser is that of 
either increasing or di- 
minishing the distance the 
Hat plate, «, has to slide 
through ; this is done cither 
by screwing or unscrewing 
the screw, /, until the spot 
of light formed on the ob- 
ject by the illuminator is in 
the centre of the field ol‘ 
the object-glass. But when 
the compound body is a 
fixture, then it is neces- 
sary that the condenser 
should have two adjust- 
ments ; a section of such a 
condenser is represented 
by fig. 59, as constructed 
by Mr. Boss, a a exhibit 
Fig. 51). the plate by Avhich it is 
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attached to the stage, h a portion of large tube, having affixed 
to it a ring of brass, into whi(‘Ji is sokhired a smaller tube 
carrying the pinion with a milled head, f; within this tube 
a still smaller one, r/, with a screw at the top to carry the 
illuminator, and a diaphragm at the bottom, to cut off all ex- 
traneous light, is moved up and down l)y a rack, in whicdi works 
the pinion, e. The vertical adjustment of this instrument is made 
by the small screw attached to the plate, a whilst all the other 
movements are effected by turning three or more screws in 
tlie ring of brass, by whicli tlic inner tube carrying tlie illumi- 
nator, can be moved in various directions, so as to bring its 
axis to coincide with that of the object-glass. Two of these 
screws are seen at c and c". Tliis plan was first suggested by 
Mr. Ross, and is adapted to all his instruments in wliich the 
arm carrying the compound body is a fixture. Tlie several 
parts of the illuminator, unscrew, so that they may be used’ 
l ither combined or separate. 

The achromatic coudcuiscr supplied with the largest micro- 
scojics of jMeswsrs. ymitli and Beck, is represented by figs. 
fiO and 61 ; and f<»r tluj betbu’ exhibition of its several parts, 
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the drawings have been made of the actual size, but In an 
inverted position. In fig. 60, c represents a tube of brass, within 
whicli a smaller tube, h, carrying the illuminator, </, is moved 
up and down by turning the milled heads, a a. The tube, c, is 
screwed into a plate of brass, wliieh turns upon another larger 
plate ; by this last, the entire condenser is adapted to the under 
surface of the stage, it being providi'd with a screw, f, at its 

Iront part, to regu- 
late the distance 
that it should be 
slid in under the 
stage, so as to bring 
the illiuninator, r/, 
into the axis of the 
object-glass ; but 
as the arm sup- 
porting the com- 
pound body docs 
not move from sid(' to side, the adjustment, to remedy this, is 
rather more coni[)licated. The brass plate into whicli the 
tube, c, screws, is made to turn upon a large pin, fixed to the 
bottom plate, and by means of a spring and a small raised 
block of brass, the former is always firmly pressed against tlie 
screw, e, as seen in fig. 61 ; when, therefore, this screw is 
turned, the plate, and with it the tube, c, together with the 
illuminator, arc carried slowly from side to side, and when 
the exact position is found, the plate may be fixed by the 
screw, (j, 

Mi\ WeiiliaiiHs Illuminator , — The principle of this instrument 
consists in placing a dark well or stop behind the object, and 
causing an intense achromatic light to pass over and around it at 
such an angle that no rays can enter the object-glass, consequently 
the field of view appears quite dark. When a transparent object 
is ])laced above this dark well, it will be rendered luminous, 
as it intercepts a portion of the light which passes over the 
circumference of the dark well, and as we see the object with 
its own radiant light only, it will appear beautifully illumi- 
nated in all its natural colours, on a jet black ground. '^Fhe 
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light reflected from a metallic surface is preferred for this 
method of illumination, on account of its purity. Fig. 62 re- 
presents a section of 
the apparatus, drawn 
half the size of the 
original, a a is a trun- 
cated parabolic reflec- 
tor, with a polished 
silver surface; at the 
a])ex of the reflector is 
placed a meniscus, 
of a focus and curva- 
ture suitable for cor- 
recting the aberrations 
caused by the plate of 
glass under the object. 
At the base of the 
parabola is a disc of 
glass, c 0 , in the centre of whic.h is (demented a dark wcdl, d, 
witli a flange equal in dianu^er to the apertui’e at the top of 
the reflector. The dark well is less in diameter than the 
flange, and has a sliding adjustment, by which it is raised till 
the field appears dark under the highest powers; therefore 
the aperture of the illuminator must exceed that of any of the 
object-glasses. The reflector is moved to or from the object 
by means of the rack and pinion, £?, and has similar adjust- 
ments for centring, and is fixed under the stage of the niicro- 
s(!ope in the same way as the ordinary achromatic condenser. 
In addition there is a revolving diaphragm, made to slide on 
the bottom tube of the apparatus ; it has two apertures, g 
placed diametrically opposite, for the puq^ose of obtaining two 
pencils of oblique light in opposite directions, which is useful 
for viewing some test objects. Before use, the axis of the 
illuminator must be made to coincide with that of the object- 
glass ; to effect which, fix the apparatus under the stage, and 
move the lateral or longitudinal adjusting screws^ till the hole 
in the centre of the cap, which screws on the top of the re- 
flector, is in the centre of the field of view, using the inch 




118 rilACTJCAL TUEATISE ON THE MlCROSCOrE. 

object-glass ; the cap is then removed and the object placed 
on the stage, and the light obtained from a white cloud or 
bright sky, using the j)lanc mirror; the reflector is then 
moved to or fro till the object is best illuminated. The rays 
of lamp or candlelight must be rendered parallel, by means of 
the large planocorn ex lens or condenser, placed with its fiat 
side near to the lamp ; the liglit is then reflected through the 
illuminator by means of the jdane mirror, as before. The 
readiest way of ascertaining if the rays of light be ])arallel 
and thrown in a ])ropcr direction, is to hold a card or sheel 
of paper on the mirror, and adjust the distance of the con- 
densing lens from the lamp till the. circle of light is of the 
same diameter as the lens emj)loycd, and occupies the centre 
of the mirror. Hk* aj)])aratus just described is made of 
various sizes ; but as a very intense light is required for this 
principle of illumination, it is advisable that the reflector 
should be of as large a size as the stage fittings will admit ; 
for if we double the diameter of the rellcctor, we obtain four 
times the ([uantity of light, the areas of circles being to each 
other as the square of their diameters. 

Prism. — M. Dujardin, to whom we are indebted for the 
achromatic condenser, Hmnd that to produce the best eflects, 
a ])risni of glass, of the form represented by fig, 63, should be 
ust?d with it, instead of a mirror, a re- 
presents a short piece of brass tube, b a 
glass prism, connected by screws to the 
tube, a, by two supports, c c. The tube is 
made to slide upon the end of the con- 
denser, and to turn upon it in such a man- 
ner, that, in whatever position the lamp or 
white cloud may be, the prism may be 
adjusted to it; the revolution of the prism 
being performed upon the screws, the extre- 
Fig. 63. mities of which are conical and fit into cor- 
responding depressions in the side of the 
prism, '.riiis instrument has some few advantages over the 
plane mirror : the (juantity of light is greater, and all test 
objects in which delicate markings exist, may be shown to 
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the best advantfige, in consequence of all the rays being re- 
flected from the same surface, which is not the case with a 
silvered glass mirror. 

Achromatic Prism and^ondenser . — This very important in- 
strument, answering the purpose both of mirror and achromatic 
condenser, was presented to the author by Mr. Abrahams, 
optician, of Liverpool, and is shewn of the natural size in fig. 
64. The prism is made up of two kinds of glass, set in a 



frame of brass ; the part employed as the reflector, A, is of flint 
glass, hollowed out at its upper surface, and into this is accu- 
rately fitted a double convex lens of crown glass, B, so contrived 
as to have a focus of about four inches. By the tube, G, the 
prism can be applied to the ordinary sui)port of the mirror, 
and by means of the flat semicircle, D, and a joint in the con- 
necting piece, F, it can be turned in every possible direction, 
the semicircle sliding through a spring clip at E. By this 
instrument achromatic condensed light may bo thrown 
upon any object on the stage. The prism has the usual 
swinging motion, Jiccomplished by the frame turning on two 
screws, one of which is seen at C, at the end of the semi- 
circle. 

Oblique Prism , — This instrument, invented by M. Nachet, 
of Paris, is represented in section by fig. 65 ; it consists of a 
prism of glass, having both its surfaces, a h and c d, convex, 
by which means the rays of light, /, reflected from the mirror, 



120 rJtACTICAL TKEATI8E ON THE MICUOSC'OrE. 

viy instead of passing on in a straight line to the object, i i, arc 
converged by the first surface, b «, upon the oblique plane, r ; 
from tills they arc reflected to y, where they receive a second 
reflection, and arc finally converged by the convex surface, 
c upon an object, i L This prism is 
set obliquely in a tube of brass, and 
should be so contrived that it may be 
revolved, in order that the effect of 
oblique light may be shewn upon all 
parts of an object. In the microscope 
of M. Nachet, the stage can be re- 
volved, but in all our English instru- 
ments, except those provided with a 
stage, siuih as that pro[)oscd by Mr. 
f^egg, the prism itself must be turned. 
Air. Shadbolt lias given the curves 
which answer best for the prism, in a 
paper in the third volume of the Tram^ 
actions of the Micj'oscopical Society. In 
the [irisms first supplied by M. Nachet, 
the angle was 30^, and both upper and 
under surfaces were convex ; he now 
makes tluj lower surface plane, and, as 
it turns out, the jdan for some time 
adopted by M. Nachet is precisely that determined matlie- 
matically by Mr. Sliadbolt. 

The condensers of M. Nobert, Air. Shadbolt, and Air. 
Gillctt, together with a prism of Amici, and some other 
ecpially useful pieces of apparatus concerned in the illumi- 
nation of objects, will be described in Part II., relating to the 
Use of the Alicroscopc.” 

Polarizing Apparatus. — This consivsts of two prisms of cal- 
careous spar, constructed after the plan of Air. Nicol, of Edin- 
burgh, and composed each of two pieces of the same spar, 
cemented together so as to transmit a single image only. One 
of these is mounted in a tube, and adapted to a flat plate of 
brass, as represented by fig. G6, by which it can be applied to 
the under surface of the stage-plate, like the achromatic con- 
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denser ; iij)on this plate the tube carrying the prism is made to 
revolve, by turning the large circular plate at the bottom with 



Fig GG. 


a milled edge; this lower prism is termed the polarizer, in 
coiitradistiiKition to another fitted to thc^top of one of the 
eye-plcccs, and teamed the analyzer. An end view of f*iie of 
the prisms is scon at fig. 67, and a vertical section at fig. 68. 

AVhen applied to the mi- 
croscope, it is necessary 
that the axes of both crys- 
tals should coincide with 
each other and with the 
o[)tical parts of the mi- 
croscope, as in the case 
of the achromatic conden- 
ser ; this n;ay be known 
bv revolving either of 
the })risin3 after the light 
has been sent through 
them by the mirror. If 
they arc properly ad- 
justed, it will be found that there are two positions in which 
no light will pass through the prisms at all ; if this does not 
take place, and only part of the fi(.‘ld of view is darkened, 
then, either by turning the arm carrying the compound 
body or the screw in the plate bearing the polarizer, the 
two can be made to obscure each other ; they arc then in a 
condition to be used. If now a crystalline jdatc of sidphate 
of lime be placed in the focus of the object-glass, it will be 
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seen that this crystal, in common with many others, has the 
property of bending the rays of light that have traversed the 
polarizer, and of causing them to jiass through the analyzer ; 
according to the thickness of the crystalline plate, so will 
either a green or red colour prevail. The cause of these 
appearances, and the various aj)plications of the polarizing 
ap])aratus, will be further alluded to in the chapter devoted 
to this subject. Some microscopists employ a bundle of thin 
glass plates for a polarizer, and a tourmaline for an analyzer ; 
but the colour of the latter renders its use objectionable. 

Condensinfj Lem . — An indispensable instrument for the 



illmiiination of opaque ob- 
jects, or of the mirror when a 
great quantity of light is re- 
quired, is the condensing lens 
or bulfs-eye. This is gene- 
rally a planoconvex lens ol‘ 
great tliickness, from two to 
three or more inches in di- 
ameter, mounted in the man- 
ner represented by fig. 69, on 
a stem of brass attached to a 
heavy circular foot. Upon 
tliis stem a short tube, hav- 
ing another piece of simi- 
lar tube fastened into it at 
right angles, is made to slide ; 
into this last fits a short rod 
or tube, to support the lens 
and allow of its being in- 
clined at any angle. This 
method of mounting the lens 
is adopted by Messrs. Koss 
and Powell; but Mr. Smith, 
following Mr. Tulley, em- 
ploys tlic same kind of stein 
and foot, and, in addition 
to being inclined at any angle, 
the lens is provided with 
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a swivel-joint, as seen in fig. 70, so that it can be brought 
near to the lamp or candle used as the illuminating body, with- 
out moving the other parts of the stand. 

Another very convenient way of mounting the condensing 
lens is represented by fig. 71, as adopted by Messrs. Smith 

and Heck; the foot, f/, 
is the same as in the 
other instrument, but 
instead of a solid stem, 
it is provided with a 
short tubc,/^, into this 
slides a smaller one, c, 
having at its upper 
cxtreniity a cradle- 
joint, d, connected 
with a small tube, t', 
through which slides 
a wire arm, /, sup- 
porting a small con- 
denser, y. This plan 
of mounting a con- 
densing lens is very 
convenient, it has all 
the motions of the pre- 
ceding instruments, 
with the great advan- 
tage that they can 
be elfected with one 
hand applied to tlui 
arm,/ 

A smaller lens is supplied with some microscopes for the 
t)uq)osc of further condensing the rays of the larger condenser, 
or of rendering the converging rays of the larger one parallel, 
whereby a greater field of view is illuminated, a plan very 
useful where dissections are being carried on under a lens. 
One of these instruments is represented by fig. 72. The 
method of mounting the small lens is somewhat similar to that 
last described ; it may be fixed into some part of the micro- 
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scope stand, as seen in Plate 3 at d rf, or may be provided 
with a sui)port of its own, as adopted by Messrs. Powell and 
Lealand. If necessary, both the large and small condenser 



Fig. 72 . 

may be mounted on the same stem and foot, as represented in 
fig. 73, a plan adopted by Mr. Leonard ; by tliis means the 
two jnay be used either separately or combined. All the 



different methods of employing the two forms of condensers 
will be fully explained in the chapters devoted to the illumi- 
nation of opaque and transparent objects. 
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Messrs. Powell and Lealand supply, with some of their 
microscopes, a diaphragm of the form represented by fig. 74, 

when used, it is 
adapted to the 
stand of the large 
condensing lens, 
and placed in front 
of the hinip, at 
about eight inches 
distant from the 
mirror ; it consists 
oi* two jilates <^)f 
thin sheet iron, 
Kijr 74. blackened ; one oi’ 

these is of a circu- 
lar figure, benng provided with five holes of different sizes, and 
capable^ of bcdiig rcivolvc'd upon a larger |)late in the same way 
as the diajihragm Ix'forc* deserilied, as adtiptcd to the under 
side of the stage. Wlum this diaphragm is used, an image of 
the size of the a[)erture employed, should be shown on the 
mirror ; by this, only a part of the field of view will be illumi- 
natcul, the centre will be light, but around the margin there 
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will be darkness; this oftentimes is 
very useful in rendering very deli- 
cate markings more distinct. The 
size of the illuminated spot will de- 
t>end upon that of the aperture 
employed, and also upon the relative 
distances of the mirror from the ob- 
ject, and of the diatdiragm from the 
mirror. 

Erector , — Those mic.roscopes fur- 
nished with a. draw-tube are capable 
of having adapted to them the erector 
or erecting eye-piece ; this is repre- 
sented by fig. 75, as being screwed 
into the lower end of the draw-tube ; 
it consists of a piece of brass tube*. 
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three inches in length, and five-eighths of an inch in diameter, 
as seen in fig. 76, into the opposite ends of which arc screwed 
two lenses, fir, c; a being a meniscus, and c a 
planoconvex, and both having their convex 
surfaces towards the eye-piece which is 
situated in the upper part of the draw- 
tube ; between them is placed a stop, b, with 
a small hole in it. Qlie use of tliis instru- 
ment is similar to that of the same arrange- 
ment of lenses in the eye-piece of a tele- 
scope, viz., to (iause the image of any 
object to be seen in the erect or natural 
position. TJie field of A'icw is also grciatly 
increased, and an object as long as tlie three- 
fourths of an inch, can be taken in at once 
with the erector and a two-inch object-glass. 
By pulling out the draw-tube, and therefore 
increasing tlic distance between the erector 
itself and tJie olyect-glass, the magnifying 
power of the instrument is increased, and by 
pushing it in again the iiowcr is diminished ; 
so that a microscope with a two-inch object- 
glass and the erector can be made to take 
in as much of a rule as three-fourths of an inch in length 
when the draw-tube is only slightly pulled out; and when 
tlie tube is drawn out to its fullest extent, it will magnify the 
divisions on tlie rule so much, that one-sixth of the same object 
alone, will fill the whole field of vi('w, 

Tlie erector was first applied to the compound microscope, 
reprcvsentcd by fig. 21, by Mr. Lister; it is extremely useful 
for taking in large objects, but more particularly for dissect- 
ing, as heretofore the inversion of the object by the compound 
microscope, entirely prevented any dissection being carried on 
under any of the low magnifying powers; but, with the 
erector, it can be done very readily. 

Licbcrkffhns . — These are concave silvered specula, so named 
from their illustrious inventor; they are attached to all the 
object-glasses, from the two-inch to the one-fourth; that for the 
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half-incli is represented by fig. 77. The rays of light re- 
flected from the mirror, either in parallel or converging 

lines, are brought into a focus upon 
an object, placed between it and the 
mirror, but not too large to inter- 
cept all the light. The object may 
cither be mounted on glass in the 
usual manner, or held in the for- 
ceps, represented in fig. 80; and 
when too small to fill up the entire 
field of view, or when transparent, 
it is necessary to place behind it one 
of the dark wells represented by fig. 79. Each Lieberkulin 
being mounted on a short piece of tube, can be slid up and down 
on the outside of the object-glass, so that tlie maximum of illu- 
mination may be readily obtained. Tn all the higher pow ers, 
the end of the object-glass is turned small, and passes 
through the a 2 )erture in the centre of the Lieberkulin, but in 
the lower powers, the distance of the object-glass from the 
object will allow a Lieberkulin of sufficient size to be used 
without the above arrangement. 

Side Rejiector , — As a substitute for the Lieberkuhn, Mr. 
Ivoss su^iiilics with his microscopies what he terms a sidc-illu- 
miiiator or reflector ; it consists of a concave spicculum of a 
rectangular figure, highly pohsheil and mounted on a jointed 
arm, as rcpircscnted by fig. 78; like the small condensing 
lens, it is attached to some immovable piart, or, still better, 
to the body of the instrument, and piarallcl rays of light 
IVom the lamp are thrown upon it by the bulPs-eye 
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placed close to the lainp; by means of the jointed arm, 
the light may be reflected from it upon any object, how- 
ever Large, on the stage. This is much better than a 
Lieherkulin for most purpose’s ; for, with the latter, the ob- 
jects cannot exceed a certain size, otherwise the greater portion 
of light from the mirror will be intercepted in its passage ; it 
has also this advantage over the Licberkuhn, that not 
only is a greater amount of light condensed upon any 
object, but being thrown obliquely, many minute markings 
can be seen, which the vertically reflected light is unable to 
bring out. 

Dark Stops or Wells . — These consist of small cup-like 
pieces of brass, mounted on wire stems or supports ; the shapes 
generally employed arc represented by fig. 79. 
They arc used with tluj Lieberkuhns, and 
three different sizes are usually supplied with 
the best microscopes, the largest being always 
employed with the lowest power object-glasses. 
Their use is to cut off all the rays of light that 
would otherwise pass into the object-glass, 
hence they are required in all cas(^s where the 
object to be \TCwcd is transparent. The long 
stem fits into a small ann attached to the 
under surface of the stage, and capable of 
being moved into the centre of the aperture 
therein, and by it the well at the top can be 
raised up so high, as nearly to touch the object 
itself; the cup-shaped form is used, in order 
Fig. 79. that the bottom may not be sufficiently illumi- 
nated to form a light ground to the object, 
which might happen if a disc were employed. 

Forceps . — For the purpose of holding minute objects, such 
as parts of plants, or insects, to be examined either as trans- 
parent or opa({ue objects, various forms of forceps liavc been 
contrived. The most useful of these is rcjircscntcd by fig. 80. 
It consists of a piece of steel wire, about throe inches long, 
which slides through a small tube, connected to a stout pin by 
incaiiS of a cradle-joint ; to one end of the wire is attached u 
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|);iir of blades, fitting closnly togiither by their own elasticity, 
but which, for the reception of any object, may be separated 
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Fig. 80. 


by pressing the two projecting studs; to tlie opposite end ol' 
tiu; wire is adapted a small brass cup, filled with cork, into 
whicJi, j)ins passed through discs of cork, (*ardboard, or other 
material having objects mounted on them, maybe stuck; or, 
if preferred, instead of the cork, a pair of blades, fitting accu- 
rately together, may be employed, Avith small notches in each, 
to recenve the pins. With all the old mi(;roseo 2 )es, one end of 
the wire carrying the forcci>s was made pointed, and to it Avas 
adapted a small cylindrical piece of ivory, having one of its 
ends Avhitc and the other black, on these surfaces the objects 
for examination Avere laid. Mr. Ross and Air. Smith some- 
tijiics supply a pair of tlirce-prongcd forceps ; tIu) })rongs are 
made of Steel Avire, curved and pointed at one end, and by 
means of a sliding ring, capable of being opened or closed. An 
instrument of this kind Avas in use as long ago as 1787, and is 
figured in the Avork of the younger Adams, published iu that 
year. The method of using these difierent forms of forceps is 
extremely simple : the object-plate of the stage of the micro- 
scope has one or more holes, into Avhich the pin of the 
forceps may fit; on this pin they may be turned in a hori- 
zontal direction, and by the joint above tlui pin they may also 
be inclined at any angle; Avhen once adjusted, the stage 
movements Avill sufiicc to bring all the parts of the object 
Avhich they hold into the field of vicAV in succession. With 
some of the foreign microscopes ax’C supplied other forms of 
forceps, constructed after the plan of our spring pliers or 
scissors ; one of these, Avith fiat lips for holding objects, se- 
cured to the object- plate of the stage, and another, cither held 
9 
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in the hand, or similarly attached to the opposite side of 
the same plate, but provided with cutting edges like the pair 
of scissors said to have been invented by Swammerdam, are 
employed together; the former of these retains the subject 
firmly whilst it is being cut by the latter. These forceps will 
be again alluded to in the chapter devoted to dissecting in- 
struments. 

Animalcule Cages . — Instruments known by the name of 
“ live boxes ” have been in use for many years, and all the old 
microscopes were furnished with them; they consisted of a brass 
cell, from three-quarters to one inch-and-a-quartcr in diameter, 
into which a planoconcave glass was made to drop ; upon the 
concave side the insect was placed for examination, and a flat 
piece of glass of the same size, but fastened into the bottom of 
another cell, could be screwed down upon the insect, so as to 
prevent its movement ; this instrument has now been entirely 
superseded by more convenient forms, and amongst them may 
be mentioned the animalcule cage of Mr. Tulley, and the 
capillary tablets of Mr. Varicy. The animalcule cage sup- 
plied with the compound achromatic microscope of the late 
Mr. Tulley is represented by fig. 81 ; it consists of a plate 

of brass, from three to four 
inches in length, to the middle 
of this was attached a piece of 
brass tube, about three-quarters 
of an inch in diameter, into the 
Fig. 81 . top of which was fastened a plate 

of thick glass ; over this tube an- 
other short one, liaving a cover of thin glass cemented to a 
rim at its top, is made to slide ; tliis last tube is suflEiciently 
short to allow the thin glass cover and the plate in the fixed 
tube to be brought into contact. The drop of water contain- 
ing the animalcules to be examined, is put upon the piece of 
plate-glass, which may be termed the object-plate, and the 
tube containing the thin glass cover is then to be slid down 
carefully, so that the drop may be flattened out ; in order to 
allow the contained air to escape in tlie sliding down of the 
cover, a small hole is drilled in the top; this may be subsc- 
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quently closed with sealing-wax, if it be required to preserve 
the fluid for future examination. 

Mr. Varlcy, in the year 1831, greatly improved this form 
of instniment, and gave to it the name of capillary tablet or 
cage, in a paper published in the forty-eighth volume of the 
Transactions of the Society of Arts, This great improvement 
consists in making a channel all round the objcct-platc, so that 
the fluid and the animalcules in it are retained at the top of 
the object-plate only, by capillary attraction, and will bear turn- 
ing about in all directions without leaving the top, provided it 
be not suddenly shaken. The cover also is made to screw 
down upon the object-plate, and not to slide as in the pre- 
viously described instniment; but in practice it has been 
found most convenient to adopt the sliding tube, as tlie act of 
screwing sometimes deranges the objects. The plate of brass 
to which the tube supporting the tablet and cover is attached, 
is of a circular figure, slightly flattened on two opposite 
sides, for convenience of package, as several of them can be 
contained in a small cylindrical case. The improvement made 
by Mr. Varlcy, in the object-plate or tablet, is now adopted 
by all our first-rate microscope makers, but with some few 
slight modifications ; one of these instruments, as constructed 
at the present time, is represented by fig. 82 in elevation, and 


Fig. 82 . 



in sectiyp by fig. 83. 
A B in both figures ex- 
hibit the flat plate of 
brass to which the short 
tube, carrying the object- 
plate, or tablet, is fixed ; 
dy fig. 83, exhibits tlic 


piece of brass into which 
the tablet, c, is fastened, 
h the tubular part of the 
cover, into the rim of 
which the thin plate of 
glass, «, is cemented. This thin glass cover is often cither 
broken or becomes uncemented ; to remedy the inconvenience 
of re-cementing, Mr. Powell adopts a very excellent plan, by 
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which a new cover can be adapted witli little trouble; the 
tubular top is provided with a screw, upon the edge of which 
the cover of thin glass or mica is laid, over this a cap is screwed 
to keep the cover firm. Fig. 84 represents the tubular 
top, with its screw cap, and fig. 85 a section of the entire 




F)-. 84. 



Fiir. S;>. 



instrument, A B being the fiat support, c tlic object-platc* or 
tablet, d the channel around the same, h the tubular top with 
its screw-cap, c, holding down the thin glass cover, «. When 
the glass cover is of tolerably stout glass, these cages, besides 
being only employed for animalcules, may be used for com- 
pressing such objects as are soft, but still too opaque to bci 
seen through. When these arc moderately compressed, theiji* 
stnicturc is readily made out; but an instrument constructed 
for this purpose especially, and known as the Compressorium, 
will be presently described. 

To use these animalcule cages, all that is necessary is to 
place a small quantity of the fluid containing the animalcules 
upon the object-plate or tablet, and to slide the cover carefully 
until the drop is flattened out to the required degree of thin- 
ness; this should never exceed the size of the tablet itself. 
When the drop of fluid is made flat, the objects it contains 
may not only be viewed with great case and convenience, but 
they may be carried about and kept for some considerable 
time under observation ; the capillary attraction will preserve 
the fluid between the two glasses, and no shaking or turning 
that is not sudden will injure them in the least. When more 
fluid than is necessary is placed upon the bottom glass, the 
excess Avill escape into the channel, and, in all probability. 
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most of the animalcules with it ; in this case, it is by far the 
best plan to wipe away all the fluid from the bottom-plate 
and tlie channel, and make the latter and the under surface of 
the thin glass cover perfectly dry before another drop is put 
ii[)on the bottom glass, otherwise the channel, ivlicn once 
made wet, will attract the fluid again. In the animalcule 
cages, or live boxes, manufactured by Mr. Pritchard, the 
bottom plate of glass is ruled with fine lines, the onc-hun- 
dredth part of an inch or less apart, to serve as a micrometer. 
When used dry, the lines are visible, but when fluid is inter- 
posed, they can not only hardly be seen, but all measurements 
made by such micrometers are manifestly incorrect with 
objects of any degree of thickness, as their true outline is not 
ill focus at the same time as the lines of the micrometer; this 
point will be particularly dwelt upon in the chapter devoted 
to the measurement of objects, but in this place it merely 
recjuires to be noticed in connection witli the instrument to 
whicli it is applied. 

Ftshliirf 7'ufjcs for These consist of tubes of 

glass, about nine inches in length, open at both ends, and from 
one eighth to one-lburth of an inch In diameter ; the ends 
sliould be nicely rounded off in the flame of the blow-pipe ; some 
of them may be straight, as shown by A, fig. 86, whilst others 
sliould be drawn out to a fine point, as C, or curved as 11, 1) ; 
in short, they may be made of either of the shapes represented 
in fig. 86, all of whicli have been found exceedingly useful. 
Mr. Varley, to whom we are indebted for this valuable inven- 
tion, describes the method of using them in vol. forty-eight of 
the Transactions of the Socictf/ of Arts, Supposing the ani- 
malcules al)Out to be examined to be contained in a 
phial or glass jar, as in fig. 87 ; having observed where they 
m*e most numerous, either with the naked eye if they are 
large, or with a pocket magnifier or the watchmaker’s lens 
described at page 50 if they are small ; eltluM* of the glass 
tubes, having one end previously closed by the thumb or fore- 
finger wetted for the purpose, is introduced into the phial in 
llie manner represented by the figure ; this prevents the water 
IVoin entering the tube, and when the eiul is near to the 
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object which it is wished to obtain, the finger is to be quickly 
removed and as quickly replaced ; the moment the fing er is 


ABC i> 



taken ofi:’, the atmosplicric pressure will force the water, and 
with it, in all probability, the desired objects up the tube ; 
when the finger lias been replaced, the tube containing the 
lluid may be withdrawn from the phial, and as the tube is 
almost certain to contain much more fluid than is requisite, 
Mr. Varlcy adopts the following plan for getting rid of the 
excess. 

Being provided with some watch glasses and some pieces ot* 
plane glass, if the tube should contain more fluid than is neccs- 
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sary, the entire quantity must be dropped into a watch glass, 
which spreads it, and the inseet may be again caught by 
})utting the tube over it, when a small quantity of fluid is 
sure to iTin in by capillary attraction ; 
this small quantity is to be placed upon 
tlie tablet ; but should there be still too 
mucli for the tablet, if it be touched 
with the tube again, it will be diminished ; 
and should the object be wanting, the 
fluid must be wiped off, and the opera- 
tion repeated until we arc satisfied of its 
presence. 

If we wish to place several individuals 
together on the tablet, it is necessary that 
Fijj. 88. each should be taken up with the smallest 

amount of wfitcr; to effect this, Mr. 
Parley suggcists that the tube should be emptied on a slip of 
glass, in separate drops, as In fig. 88, and with one of the capillary 
tubes, but little larger than enough to catch them, they may be 
lifted out one by one, and be placed on the tablet. Generally 
sy)cakiiig, it is necessary to add a small quantity of vegetable 
matter to animalcules to keep them alive ; and as many 
species of them arc found on confervas and duck-weed, some 
instrument is required to take small portions of these plants 
out of the jar in which they arc growing ; for this purpose 
Mr. Varley has contrived the forceps represented by fig. 89; 



Fig. 89. 


they arc made of brass or German silver, with points a little 
curved ; to keep them accurately together, they are provided 
with a hole and steady pin. lleing thin and easily closed, they 
answer very well to put into a phial and take out small portions 
of vegetable matter ; but when jars, such as those in which 
chara or vallisneria arc kept, are deep, then the long forceps. 
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tlie invention of the Jiutlior’s late brother, Mr. Edwin Quekett, 
and represented by 90, will be found extremely useful, 



I'lir. OO. 


They should hemade either of brass 
or German silver, and may be of any 
length, from nine inches upwards. 
The central part is a piece of wire 
about one-eighth of an inch in 
diameter; its upper end is fas- 
tened to a flat piece of metal, bent 
round into two loops, as repre- 
sented by fig. 90, for tlu^ first and 
second fliiixer of the rie:ht hand to 
be placuid in. The lower part of 
the Avire is split, and having been 
well hammered to make it springy, 
is bent into the form of a pair ol* 
force] )s. On the oufsidt? of th(‘ 
wire is a piece of tube about one- 
fourth of an inch in diameter, and 
shorter than the wire ; to its upper 
part is soldered a ]/u‘CC of smaller 
Avire, Ixmt into the form of a ring. 
Tlie use of tin’s instrument must 
be ol)vious from the figure; the 
first and second finger of the right 
hand bc*ing placed in the two 
looj)s, the thumb is put into the 
ring at the top, the wire by the 
fingers is kept steady, and by the 
motion of the thumb the tube is 
raised or depressed ; Avhen the 
tube is raised, the blades of the 
forcei>s being sjiringy, ojien readily, 
and when the thumb is depressed, 
the blades arc as easily closed. 

This pair of forceps will be found 
very useful f t)r taking hold of small 
pieces of valisneria and ehara, and 
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a pair of blades may be applied to them for the purpose of 
eiitting off portions of these plants close down to the roots, 
even in tall jars that are too small to admit of the intro- 
duction of the hand. 


COMPIIESSOKIIJM. 

The compressorium is an instrument by which objects may 
be ^viidually compressed between two parallel plates of glass. 
The pressure may be applied whilst the object is being ex- 
amined with the mi(a*o.scopc, and may be ke[)t up at will, so 
tliat tin; alteration which it assumes, as the pressure is being 
aj)plied, can be observed with facility; it is extremely useful 
foi- crushing or compressing such objects as arc so thick that 
the light cannot readily be transmitted through them, or for 
making lltit others tlui clasti(‘ity of which is sufticiumt to raise up 
the thin cover when they are placed between glasses to be ^ iewed 
in the ordinary way. There are many kinds in use, some of 
forciign, others of home invention. Tlie most simple, and the 
one in which the power employed cannot exceed the foi'cc of 
two spiral springvS, is mad(», by Mr. Smith, after a plan of 
Lister’s, and is reprcsent('d hy fig. J)l. It consists of a bottom 


i 

01 . 

plate of brass, to the centre of which is attached a piece of tube 
leaving on its outside a short screw, on which works a largo 
circular iiut, with a milled head; to the inside of the tube a 
circular piece of plate-glass is fixed, [irojccting slightly above 
its edges; this may be called the object-plate; two small u])- 
vight rods, fastened into the bottom plate, arc provided with 
spiral springs, their tops being siiriuouiitcd by small nuts, 
\vhich keep the springs in jdace. A plate of brass, with a 
hole in it larger than the ohjviet-plate, is made to slide uj) and 
down the rods in a state of parallelism, hy means of the large 




138 PRACTICAL TREATISE ON THE MICROSCOPE. 


circular nut; and two wedge-sliaped tongues of watch spring 
arc placed between the spiral springs and this plate. These 
tongue-shaped springs are capable of being moved round upon 
tlie rods, and are for the purpose of communicating pressure 
to a thin plate of glass resting upon the plate, which is pre- 
vented from sliding off by a raised edge. The plate carrying 
the thin glass cover is capable of being raised or depressed at 
will, by means of the circular nut. It will be seen, that 
when the plate carrying the thin glass cover is raised up as 
high as it will go by the milled nut, the cover will not touch 
the lower plate of glass ; when this is the case, the instrument 
is ready for the reception of an object. The ends of the little 
steel springs must be lifted up by the finger-nail or some 
thin instrument, and then rotated so far outwards, as to 
get them clear of the cover. The cover being lifted off, the 
object is to be placed upon the bottom plate with as much 
fluid as necessary, and the cover being replaced, the springs 
may be lifted up and turned back to their original position. 
If now the nut be screwed down, the spiral springs will cause 
the plate to follow the nut, and when the nut has been turned 
far enough to allow the cover to come in contact cither with 
the object or the fluid, it will be noticed that as the screwing 
is being proceeded with, both the fluid and the object will 
be more and more flattened, until it arrives at a maximum. 
If the screwing be continued further, the nut will leave the 
plate carrying the thin glass cover, and the cover itself 
will remain pressed down upon the object-plate with all the 
force exerted by the spiral and by the tongue-shaped 
springs. 

]\lr, Ross has improved upon the compressorium of Mr. 
Lister, by making the plate carrying the thin glass cover, 
square, and by adding to it two other pillars, making four in 
all ; upon two of these, situated at opposite corners, strong 
spiral steel springs are wound, and to the two others are 
applied finger-shaped pieces of German silver, to keep down 
the thin glass cover. The action of the large nut is the same 
as in Mr. Lister’s instrument, but the pressure exerted by the 
springs ivS more powerful than in it. The finger-shaped pieces 
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of German silver yielding but slightly, and the steel springs 
being much stronger than the brass ones, the power of com- 
pression is greatly increased. 

When a more powerful comprcssorium is required, the form 
represented by fig. 92 is highly useful. It consists of a 



Fig. 92. 


plate of brass, three or more inches long and onc-and-a-half 
broad, having in its middle a circular piece of plate-glass for 
an object-holder ; this is slightly raised above the metal plate ; 
at one end of the latter is a circular piece of brass, having 
attached to it another piece of brass, carrying an arm capable 
of being moved up and down by means of a screw at one end, 
whilst at the otlicr is a semicircle supporting by screws a 
ring of metal, to the under side of which a piece of thin glass 
is cemented ; the semicircle is made to turn upon the arm, and 
the arm and all that is attached to it is capable of being 
turned upon the bottom plate. 

The use of this instniineiit is obvious ; if we wish to com- 
press any substance, we must first, by means of the screw, 
elevate the opposite end of the ann from the object-plate ; the 
arm, with all its appurtenances, is then to be turned away 
from the object-plate, and the object being placed on the plate 
with a requisite quantity of fliud, the arm is then to be 
brought into its proper place again, and by means of tlie 
screw, the metal ring with the thin glass cover can be made 
to exert as much pressure as the thin glass cover will stand 
without breaking. Messrs. Powell and Lcaland have lately 
constructed a much stronger instrument than that represented 
by fig. 92, and have made their object-plate of a thick piece 
of parallel glass, raised as much as the one-eighth of an inch 
above the bottom plate, so that it can be cleaned without 
much trouble ; the ring containing the glass cover is also made 
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much stouter, and fits accurately upon the raised object- 
plate. 

Troufjhs for Churn and Poh/pa, — These consist of two 
plates of glass cx^mented togetlier, with strij^s of the samcj 
material, or of metal between them, to form the sides of the 
troiigli; one of tlieso, as described by Mr. Varlcy, in tlie 
lorty-eighth vol. of the Pransactiona of the i^ocicty of Arts^ is 
r('i)rcscnted by fig. 93. e is a bottom-plate of stout glass, upon 

which is cemented with piteh 
and bccs’-wax a thin cover, 
with slips of glass between it 
and the bottom-plate, to form 
the sides. The cover, d, is not 
so broad as the plate, c*, in order 
that a slip of chara may be 
more rcjidily placed in the 
trough, as it can be first laid upon c, and thou gradually 
slid down between it and tlui cover, d. In order to render 
the ti'ough more manageable, it may be cemented to a larger 
bottom-plate, a h, by Canada balsam ; but it will be found far 
more advantageous il’ the bottom-plate itself be as large and 
as broad as a by and if the cover, d, be cemented to it and not 
to anotluir plate, as then two extra surfaces will be dispensed 
with. Mr. Varley informs us that a piece of wire bent into 
the shape of the sli[)s of* glass re[)reseiitcd in the figure, and 
covered thickly with a cement composed of bees’-wax and 
pitch, will form an excellent substitute for the slips, and look 
very neat ; the cements of Canada balsam or sealing wax are 
much too brittle to last long, as a sudden jar will cause them 
to give way. I^lcvssrs. Smith and Beck sujiply with their 
microscopes i\ larger and much thicker trough for chara and 
poly[)s, as reprijsented by fig. 94 ; the front is composed of 
much thinner glass than the back, and the method adopted of 
confining objects near to the front varies according to circum- 
stances. One of th 3 most convenient plans, is to place in the 
trough a piece of glass that will stand across it diagonally, as 
represented by fig. 94, and if the object be heavier than 
Wider, it will sink, until it is stopped by the diagonal plate. 




ACCKSSOKY INSTKUMENTS. 


141 


At other times, when chara is being observed, the diagonal 
plate may be made to press It close to the front by means of thin 
strips of glass, or a wedge of cork, or even a folded 
sjning of thin whalebone. Wlien either of these 
instruments is used, it may perhaps be necessary 
to remind the reader that the microscope must 
be so far incliiuid as to be nearly horizontal. 
Messrs. Smith and Beck adaj)t to the object- 
plate of their large microscopes a strong steel 
pill, upon whicli a spring-holder is made to fit; 
this serves to keep the trough firm and to prevent 
its falling olf, even when the microscope is per- 
fectly horizontal. This form of trough provinl 
very serviceable to Mr. Lister, in 18)14, during 
Fi". 04. investigations into the structure of some of 

the higher orders of polyps, and will be found of 
very great value to those who devote their attention to this 


most interesting branch of scientific iiKpilry. 

Froff-^Flate , — This consists of a plate of brass, a a, about six 
inches in length, and two-and-a-half in breadtli, and either ol‘ 
tJie sJiape rejiroscntod by fig. 95, or of tlic sajuc breadth 



Fig. 95. 

throughout; the former plan, first suggested by Mr. Goadb}, 
is adopted by Mr. Iloss, the latter by Mr. l^owell. At one end 
it is provided with a plate of glass to cover either a square or 
round aperture, A, made in tiie brass, which serves for laying 
the frog’s foot on. Around this aperture are placed four or 
more studs, c c, for the purpose of securing the threads by 
which the web of the foot is kept open; in Mr. PowcU’s 
plate, a series of small holes answer the same purpose. Mr. 
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Powell also secures his plate to a large stage by means of a 
spring clip, whilst that represented by fig. 95 is provided 
with a slightly conical brass pin, made to fit into one of 
the holes of the object-platc, and on which it is capable of 
being revolved. At the base of the pin there is a small strip 
of brass for securing either the tape or string attached to the 
bag containing the frog. Some persons employ a piece of 
cork or soft wood in preference to the brass plate ; this has 
many advantages, and will be again alluded to in the chapter 
devoted to the most approved methods of exhibiting the 
circulation of the blood in the lower animals. 

Fish Troughs . — From the time of Leeuwenhoek to within 
the last few years, all microscopes of any importance were 
supplied either with a glass tube or a fish-pan for holding 
small cels or minnows, in order that the circulation in their 
transparent fins might be seen ; these have all given place to 
the frog-plate just described; but when it is required to 
exhibit the circulation in the tail of a small fish, a glass cell or 
trough will be found very convenient. This should be a little 
deeper and longer than the fish itself^ and the fish should be 
secured in it by a broad tape or bandage, wound loosely round 
the middle third of the body, or even carried down to within 
a very short distance of the commencement of the tail. In 
order to keep the fish alive, the bandage should be wetted or 
the trough filled with water ; and to prevent the flapping of 
the tail against the object-glass, or the condensation of the 
aqueous vapour upon it, the end of the cell where the tail is 
may be covered with a piece of thin glass. The author uses 
a cell constructed after the plan shown by fig. 96, which an- 
swers the purpose very 
well, a represents a 
plate of glass about 
three inches in length. 
Fig. 96 . h a glass cell cemented 

to it, c one of two pieces 
of glass to raise the bottom-plate above the level of the stage, 
in order that the bandage, d, may lie in a cavity, and not pre- 
vent the trough from resting perfectly horizontal ; <? is a thin 
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piece of metal to keep down the tail. Some of the advantages 
of this little apparatus will be hereafter alluded to. 

Phial Holder , — This instrument, the contrivance of Mr. 
Varley, is represented in elevation by fig. 97, and in section 
by fig. 98. It consists of a tube of brass about an incli-and- 



Fii?. 97. Fijj. 98. 

a-half in diameter, and two or more inches in length, having 
an oval hole cut out at the top, and a smaller tube attached to 
the lower side, immediately opposite the hole ; within this last 
slides a still smaller tube, provided in its interior with stops 
like those in the dark chamber, fig. 57 and a curved plate of 
brass at its top ; it is capable of being moved up and down, 
but a spiral spring always presses it towards the hole in the 
large tube. The use of this apparatus is obvious ; a smooth 
wide mouth phial, having chara or other water plants growing 
in it, is to be introduced into the large tube in the manner 
represented by fig. 97, the small spring tube having been first 
pushed down, the phial is then kept firmly in contact with the 
upper surface of the outer tube, but not so firm but that it 
may be either turned round or slid in or out. Tlie small 
outer tube, besides containing the dark chamber, serves^ the 
purpose of attaching the whole of the apparatus to the stage 
of the microscope. In order that the phial may move very 
smoothly, all the parts fitting against it should be lined with 
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black cloth, and all the parts of this apparatus, as well as oF 
all others through which light has to pass, should be covered 
with some Idack jagnuait to absorb those rays of light which, 
if reflected, would materially interfere with correct defuiitioii. 

Camera JmcUu . — This iiistrunient, invented by Dr. Wol- 
laston in 1807, is a most valuable addition to a micros(*oi)e, 
both for delineating minute structures, and for obtaining with 
a micrometer very accurate measurcanents. It consists of* a 
four-sided prism of glass, set in a brass frame or case, as 
represented by lig. 99, and by means of a short tube capable 

of being apjilied to the 
front part of either of 
the eye-pieces, its cap 
having been previously 
taken off. Air. lloss, 
f‘roni one; of whose in- 
struments lig. 99 is copied, 
attaches the jirism, by two 
short supports, to a (;ircu- 
lar piece of brass at the 
end of the tube ; on this 
it can be slightly rotated, 
whilst the prism itself can 
also be turned up or down, 
by means of two screws 
with milled heads ; so ar- 
ranged, the camera may 
be adapted to the eye- 
piece, the microscope hav- 
ing been previously [)laccd 
in a horizontal position ; if 
the light be then reflected through the compound body, an 
eye placed over the square hole in the frame of the prism will 
see the image of any object on the stage upon a sheet of white 
paper placed on the table immediately below it. But should 
it haj)peii that the whole of the field of view is not well 
illuminated, then, either by revolving the circular plate or 
turning the prism upon the screws, the desired object will 
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he effected. The cliicf difficulty in the use of this instru- 
ment is that of the artist being able to see at one and the 
same time the pencil and the image ; to facilitate this in some 
measure, Mr- Ross places either one or two lenses below the 
prism, in order that the rays from the paper and pencil may 
diverge at the same angle as those received from the prism, 
whereby both object and pencil may be seen with the same 
degree of distinctness. 

Messrs. Powell and Lealand supply witli their microscopes 
a small highly-polished steel mirror, fixed at an angle of forty- 
five degrees, and placed in front of the eye-piece, where 
it is held by a spring clip, as represented by fig. 100. This 

mirror, being smaller than the 
pupil of the eye, allows the rays 
of light from the pajier to enter 
the eye around it, so that both 
the paper and the image reflected 
on it by the mirror, may be seen 
at the same time and under the 
same angle. A good form of 
camera lucida, constructed by M. 
Nachet, together with other in- 
struments of a similar nature, will be described in the chapter 
devoted to the uses of the camera in drawing and in micrometry. 

Indicator . — ^For the purpose of pointing out to those who 
are uninitiated in microscopic research any particular part of 
an object that may be in the field of view, various contrivances 
have been had recourse to ; but the author, who has often 
found the want of some kind of indicator, first employed a 
slip of glass, on which were ruled two lines at right angles 
to each other. This slip of glass was mounted in a frame 
of brass, and, like the micrometers of Mr. Jackson, here- 
after to be described, was slid in through an oblong opening 
in one of the eye-pieces in the focus of the eye-glass ; by the 
ruled glass the field of view was divided into four compart- 
ments, and any object therein could be so arranged by the 
adjustable stage, that it might be in the first, second, or any 
other compartment, or even be so ]» laced, that the lines 
10 
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at their intersection might pass through it; this plan was 
very convenient and answered well with the lower powers, 
but with tlie liighcr, the definition was not good, in conse- 
quence of the introduction of the glass between the eye 
and field lenses. The author was, therefore, led to the con- 
struction of the Indicator, represented by fig. 101, which is 
a very simple apparatus, and can 
be applied readily to any of the 
eye-pieces ; the lowest of these is re- 
presented in section by fig. 101, the 
eye-glass and field-glass being both 
shown to be planoconvex, with their 
plane surfiices towards the eye. Im- 
mediately above the field-glass is seen 
the stop or diaphragm, with an open- 
ing in it about half-an-inch in diame- 
ter; between the diaphragm and tlie 
u 2 )por jilatc of the eye-j)iecc, a thin 
s^Miidle of wire is placed, having a 
very delicate hand, a, like that of a watch, attached to it in the 
focus of the eye-glass. The spindle is provided at its upper 
jmrt with a small handle, for the purpose of turning it and the 
hand just one-fourth ^vart of a circle. When the indicator is 
not wanted, the hand is obscured from the field of view by 
being turned against the side of the tube, away from the aper- 
ture in the sto}^ ; but when required for use, it is turned over 
the aperture, and then the field of view appears, as is shown 
by fig. 10^. The hand may be turned into the centre of the 

field, and any object in particular 
that is required to be indicated can 
be brought by the stage movements 
immediately opposite to the end of 
the hand. The form of hand first 
employed was one with a hole near 
its free extremity ; but it was found 
that the light was decomposed around 
the inner margins of the ring, this 
led to the adoption of the form rej)rc- 
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scntcd by fig. 102, as being less liable to intertere witli direct 
definition, and also readily mtale, out of a piece of small fiat 
steel wire. 

Bonnet or Hood for the Compound Body , — For the j^urposes 
of drawing, or when an object has to bo carefully examined 
for a long time by lamp-light, in order to screen the eye as 
much as possible from all extra illumination, an a])paratns, 
termed the hood or bonnet, has been contrived by Mr. Lister. 
It consists of a shade made of four or more pieces, cither of 
cardboard or pasteboard, painted black, or else covered wTtli 
black cloth or velvet : it is of an oblong figure, and the central 
portion fits upon the eye-piece or upon the end of the compound 
body close to it, whilst the remaining three pieces turn up to 
form the sides; soinctimes there is a place cut out for the 
nose to fit into. When this instrument is used, no b’ght or 
heat can come near the eyes but that reflected through the 
compound body by the mirror ; all glare, consequently, is taken 
away. Mr. Lister’s hood is very portable, the sides fold down 
upon the centre-piece, and then it occupies a very small com- 
pass. Mr. Leonard has constructed a convenient form of hood 
of paste-board and light wood ; a front view of this apparatus 
is represented as applied to the microscope in fig. 103, and a 
l)ack view in fig. 104. The forehead is surrounded by the 

circular top of paste- 
board covered with 
thin leather, attached 
to a piece of light 
wood, into which the 
end of the eye-piece 
of the compound body 
is made to fit ; this 
part is covered with 
black j)aper, and two 
depressions arc made 
in it for the nose, one 
on cither side of the 
Fi^. loa compound body, in 

order that the ob- 
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server may use either 
his right or his left 
eye. The back of the 
recesses for the nose 
must be made of 
black silk or stuff, 
but not closed at the 
bottom to confine the 
breath, which would 
make the eye-glass 
dim. 

Goniometer, — A 
very valuable instru- 
ment for measuring the angles of minute crystals, known as 
the goniometer, the invention of Dr. Leeson, is capable of 
being applied to the microscope, and is furnished by Messrs. 
Smith and Beck for this purpose. As some little time is 
required before an observer can get into the way of using it 
with facility, it has been deemed best to give a detailed 
description of it in a separate chapter. 

The various modes of employing the knives, forceps, dis- 
secting and all other instruments supplied with the best micro- 
scopes, will be considered in full in other parts of the work. 



ACCESSORY INSTRUMENTS. 


149 


CHAPTER IV. 

THE LAMP. 

The lamp generally used for microscopic purposes is of the 
kind called the Cambridge or University Reading Lamp, as 
shown by fig. 105 ; it is made of various shapes and sizes, and 
consists of a circular reservoir about four or five inches in 
diameter, and one or two inches in depth, having the tube 
which conveys the oil to the wick, inserted into one side of 
the lower part of the reservoir; tlie tubular part containing 
the wick and supj)orting the gallery or chimney holder, termed 
the burner, is a little higher than the top of the reservoir ; 

this last is mounted on a small 
square stem, about eighteen inches 
high, rising from a heavy metal 
stand or base, and passing through 
the middle of the reservoir, which 
is n)adc to slip up and down upon 
the stem, and is fixed at any height 
by means of a tightening screw; 
the burner is an argand one, and 
the diameter of the wick about 
three-quarters of an incli ; at tlie 
bottom of the burner is screwed a 
little cup for catcliing the super- 
fluous oil. Upon the same square 
stem supporting the reservoir may 
be adapted a hood or shade of a 
conical figure ; this, like the reser- 
voir, slides up and down the stem, 
and may be fixed at any required 
Fig. 105, height ; it is generally made of 

metal, and is of a dark colour on 
the outside, and in the inside is painted wliitc, to throw the 
light upon the table. Some shades cut out of paper that is 
green on the outside and white in the inside, and fitted upon 
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ti conical frame- work of wire, arc exceedingly useful, and 
|)erha]).s more so than those of metal. The shades answer 
two piiqioses, the one to keep away superfluous heat and 
light from the eyes, and the other to throw a goiKl light 
on the table. The heat is not entirely prevented by the 
metal sliadc, and is very annoying when the head is kcj)t for 
some time in the neighbourhood of it, but by the imper one 
this is obviated, whicli renders it certainly the best for all 
purj)Oscs. The method of making these shades is described 
by IVIr. Gwilt.* lie takes half a sheet of good foolscap ])apcr 
and strikes thereon two semicircles, as in fig. 106, the longest 

diameter being thirteen inches, and the 

m "y shorter one four inches, fitting and adapt- 

^ y ing it to a skeleton-sliding frame as the 

^ case may recpiirc, and then glueing or 

Fijr. I Of), pasting the superfluous edges together. 

When once proj^erly fitted, another ))attcrn 
may ([U’cviously to the glueing of the edges) be tmeed out 
and k(ipt at hand, from which any number may at any time 
be drawn, and a new shade made when wanted, in less than 
ten minutes. 

l^he head and eyes arc more eflectually j)rotccted from the 
heat by a (contrivance of Mr. J^Iasmyth, who uses two shades 
instead of one. The outer one is made about a cpiarter of an 
inch in diameter larger than the inner one, and both have 
tubes proceeding fi'om them, which arc rsiiscd so high as to 
cover the uj)pcr part of the chimney of the lamp. By this con- 
trivance, a current of cold air is continually passing between 
the two shades, and the outer one is, consequently, kept cook 
When it is wished to illuminate the room, and at the same 
time not to Iiavc the light in the eyes, one half of the shade 
may be dispensed with, the remaining part being supported by 
a ring of wire at the top and bottom, as in the frame which 
siii»ports the pajK'.r shade. 

By far the best lamps for burning, arc those on the bird- 
foimlain priiuaph*, in which the oil is always presented to 
th(‘ wick al a certain level, and whether the reservoir be 

* AJuTosco^fic Jonnmt^ vnl. I. p. .58, 
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quite full or nearly empty, the light is perfectly uniform, 
which is not the case with the Cambridge lamp before men- 
tioned, unless it be constructed upon the plan of Mr. Spencer, 

described in page 157. The author 
for many years has used a small 
French fountain lamp, fig. 107 ; it 
has an exceedingly small wick, always 
burns well, and gives an excellent 
light, and the consumption of oil being 
small, it is advantageous in an econo- 
mical point of view. There arc many 
other little contrivances in this French 
lamp, Avhich deserve a separate 
description. The stem docs not pass 
through the reservoir, as in the Cam- 
bridge lamp, but through a square 
piece of brass having two holes, one 
on cither side of tliat through which 
the stem passes ; tliesc holes commu- 
nicate with the reservoir, and the oil 
flows through them into the tube 
supporting the burner. By this ar- 
rangement the reservoir is placed on one side of the stem and 
the burner on the other, and the two balance each other. 
The gallery supporting the chimney is provided with ten 
liu-like pieces of soft brass, about three-quarters of an inch in 
Iciigfli; these stand up in a circle and press against the sides 
of the chimney and keep it steady ; they can be bent cither 
inwards or outwards to fit any chimney that will go into tlie 
lower part of the gallery. The cup at the bottom of the 
burner, to hold the superfluous oil, is ingeniously furnished 
with a funnel-shaped mouth just above the screw, by which it 
is attaclied to the burner; the funnel receives all the oil lhat 
runs down the outside of the burnci’, and in it arc two holes 
by which the oil may escape into the cup. This contrivance 
prevents the oil from flowing over the outside of the cup, 
which by these means is kept clean. 

Some French lamps have a rack and pinion for raising the 
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wick, instead of a coarse screw. The pinion is attached near 
the lower end of the burner, and is turned by a milled 
head, but from the circumstance of the pinion working in the 
oil, it is found that, after a little use, the oil will escape be- 
tween the pinion and the collar in which it works, and will 
be continually dripping. These lamps arc provided also 
with very long chimneys, and the gallery which supports the 
chimney is made to slide up and down the burner, so as to 
diminish or increase the intensity of the light ; but by having 
a lamp of the form represented in fig. 107, the long chim- 
ney and the risk of leakage are done away with. Tlie only 
inconvenience in the use of the fountain lamp is that the 
reservoir may, by mistake or accident, be pulled up when 
nearly full of oil, and it sometimes happens, on returning it to 
its place, that a considerable quantity of oil will escape ; 
this will, therefore, raise the level, and the wick receiving 
more than it can consume, the excess will escape by the 
interior and exterior tube of the burner, and the cup at the 
bottom to receive this excess will speedily fill and overflow. 
The first indication of this occurrence will be given by the 
elongation of the flame, and by its smoking, in consequence of 
the holes in the cup, which admit the air into the interior of 
the flame, being stopped up. 

To ensure a good light from a lamp, many things must of 
necessity be attended to. The lamp should be perfectly 
clean, and the wick so long as to be at least one inch above 
the brass to which it is attached. The tube tlirough which 
the air passes to supply the interior of the flame should be free 
from portions of charred wick, which often lodge in it, and the 
holes in the cup at the bottom of the burner must not be 
covered with oil. The oil itself ought to be the best sperm, 
and no lamp of the Cambridge kind should be put aside 
for a long time, but should be occasionally burnt. Those 
on the fountain principle will burn well even after having 
been out of use for some months, as the oil is kept con- 
tinually on a level with the top of the wick, but in the 
other forni, when the reservoir is not full, the oil has to find 
its wav to the top of the wick by capillary attraction. 
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Particular attention ought to be paid to the size and shape 
of the chimney. In passing a chimney over the flame into its 
])]acc, it may be seen that tliere is one point where the flame 
is at the brightest ; this point slioiild be noticed, and if the 
glass when in its place docs not keep the light at the same 
intensity, then the contracted part or shoulder of the cliimney 
is either too high or too low for tlic surface of the wick ; a few 
experiments will soon settle tliis point. If the maximum of 
light be obtained before the chimney comes into its proper 
place, then the contracted part or shoulder of the glass is not 
high enough ; if, on the contrary, the maximum of light be not 
obtained, then the shoulder of the chimney is too high ; hence 
the necessity of having a gallery that can be adjusted to 
chimneys of dllferent heights, as recommended by Mr. 
Gwilt.* Generally s})eaking, the shoulder of the chimney 
should be on a level with the top of the wick, and its d'anietcr 
at that part should not be more than two-thirds of an inch 
greater than that of the outside of the wick. Those chimneys, 
l)rovidcd cither with a disc of metal or tale, or which arc con- 
tnictcd just above the wick, as seen in flg. 105, appear to 
answer the best, as with them the most intense light is pro- 
duced. Chimneys have lately been made of a light blue or 
ncutnil tint glass, which answer their purpose exceedingly 
well, as they completely destroy the yellow colour of the 
flame, and render it beautifully white. If a lan)p having one 
of these chimneys be placed by the side of another having a 
chimney of the ordinary kind, the difference between the two 
will be very striking. 

Chimney Shade . — This piece of apparatus is described by 
Mr. I lolland, in the forty-ninth volume of the Transactions o f 
the Society of Arts. It consists of a tube of brass, a little 
longer and broader than the chimney of the lamp, having on 
one side a brass plate with an aperture three-quarters ol* an 
inch in diameter, that can be moved up or down in front of 
the flame of the lamp by a rack and pinion. The tube cuts 
off all the light from the room, except that which can pass 
through the aperture above described, and its use is that of 

* Microscopical Jonrmd^ vol. i., p. 56. 
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prcYcnting any light from falling upon an opaque object, 
except from the . hole in the shade, in order that the light 
on it may be contrasted strongly with the surrounding dark 
medium. The author has used a shade of tinned iron, made 
black on the outside with size and lamp-black, that answers the 
same purpose as the shade of Mr. Holland; but the plan of 
raising or depressing the hole for the light to pass through he 
did not adopt. 

0^7. — The best oil for burning in lamps is that known as 
sperm. That obtained from the cocoa-nut is very cheap, and 
gives a good light, but it has rather a disagreeable smell, 
which is objectionable ; besides, it is very acid in its nature, 
and lamps in which it is used should be cither entirely made 
of tinned iron, or, if of brass, they should be tinned in the 
inside. Any lamp which burns this oil will be noticed to have 
all brass work in contact with the oil speedily coated with 
verdigris. The common solar oil will burn very well in the 
fountain lamps, especially if the chimney be constructed like 
that in fig. 105, but in all those with the fiat reservoir it is far 
too cloggy. Some persons arc in the habit of burning a com- 
mon kind of Florence or olive oil, but it docs not answer so 
well as sperm, as, like the solar, it succeeds better in the 
Ibiintain lamps than in those with a flat reservoir. 

Jairopha Oil , — The author has lately been informed by his 
friend, J. B. Estlin, Esq., of Bristol, that an oil, extracted from 
the berries of a shrub of the genus Jatropha, found in the Cape 
do Verd Islands, is used by all the microscopists in that city; it 
burns well, gives a very bright light, and is perfectly free from 
smell, it docs not clog, but will keep pure in lamps for a very 
long time; the only thing requiring attention is that the 
lamp be warmed after it is trimmed before being lighted. 
Messrs. Visger and Miller, of Bristol, are the sole importers of 
these berries and manufacturers of the oil, and the price, which 
also is a recommendation, varies from 4^. 6rl, to 5s, per gallon. 

Cleaning Lamps , — Lamps may be cleaned by nearly filling 
the reservoir with a solution of caustic potash, and allowing it 
to stand for a day or two, when all the old oil will be con- 
verted into soap. The potash can then be thrown out and 
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the lamp repeatedly rinsed with warm water until it is suffi- 
ciently clean, which is known by the water coming out quite 
pure ; some boiling water may now be poured in and allowed 
to remain for a few minutes to thorouglily warm every part; 
it must tlien be poured out, and the lamp turned upside down 
and kept near a fire until it is dry, when it is fit for use .again. 
Care must, however, be taken not to allow the potash to run 
over on the outside of any part of the lamp, as it will destroy 
whatever bronze or paint it comovs in contact with. 

When the lamp is required to be used immediately after 
cleaning, turpentine or camphinc may be employed with great 
advantage : it readily dissolves the old oil, and even if a small 
quantity has been left in, it wiH mix readily with new oil, and 
all the trouble of the potash and hot water will be avoided. 

Portable Candle Lamp, — Mr. Jackson, to whom wc arc in- 
tlcbtcd for so many improvements in the mechanical arrange- 
ments of the microscope, employs as a substitute for a lamp a 
candle lamp of the following construction; — a^ fig. 108, repre- 
sents a brass foot about three inches in 
diameter, into which is screwed a tube, 
about six inches long and one in diameter. 
Within this slides a smaller tube, that is 
provided with a cylinder of wax, which is 
pressed on by a S 2 )iral spring, like a l*al- 
mcr’s candle ; the upper part of this inner 
tube is seen at d, it has fiistcncd to it a disc 
of brass, having a rim on its outer edge to 
suj^port tlie chimney, 6*, which is kept firmly 
in its place by a thin circular ring of brass, 
having three notches in its outer margin ; 
these fit under three wedged-shaped pieces 
of metal on the edge of the disc, and pre- 
vent the chimney from falling off. The 
cylinder of wax is not provided with a wick. 
Fig. 108. but a short piece of twisted cotton, to answer 

the purpose of a wick, is placed upon a sharp point of wire, as 
seen at d. A condensing lens, j\ provided with all the usual 
movements for adjustment, can be attached to a small fin- 
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like process connected with the disc of metal carrying the 
chimney, and by it both opaque and transparent objects can 
be illuminated. 

For convenience of carriage, the tube, and the chimney, c, 
can be removed, and the inner tube, df, having been pulled out 
of 5, the chimney, with a cylinder of card-board covered with 
cloth, can be slid over the tube, 5, and the whole will then pack 
in a small compass. The cylinders of wax are similar to those 
constructed by Molyneux, but the first mention of their 
application as an illuminator for the microscope was made by 
Mr. Jackson to the Microscopical Society in 1841. 

A wax candle will be found to give a very pure white light, 
and may be used as a substitute for the lamp ; but unless the 
flame be covered with a chimney, the constant flickering from 
currents of air, occasioned by persons moving about in the 
room, becomes an annoyance. The level of the flame is also 
constantly vaiying as the candle is being consumed, hence it 
is necessary to employ such a candlestick as that represented 
by fig. 109 ; by means of which either a long or a short piece 
of candle, e, may be brought to the re- 
quired height by moving the socket into 
which the candle fits, cither up or down 
the stem, 5, that supports it, and fixing it 
by a screw. A foot, a, loaded with lead, 
will be required to keep the candlestick 
perfectly steady. Many persons now 
burn camphine ; the lamps, however, are 
generally too high for the microscope; 
but a small lamp, mounted on an ad- 
justable stand, especially adapted for 
the microscope will be hereafter de- 
scribed. 

Those who may have their houses supplied with gas will find 
that by means of a flexible tube connected with an argand or 
other burner, mounted on a moveable stand, they will get a 
very convenient light for aU purposes. It^ for instance, in 
the centre of the room there be a chandelier, then a flexible 
tube may be screwed to one of the pipes, and being attached 



Fig. 109. 
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by its opposite end to a burner, the tube will allow of its being 
moved about to all parts of the table where it may be re- 
quired. If the table be a fixture, a large gas pipe, having a 
number of serews at the top to reecivc union joints, may be 
brought up through its centre, and as many burners as may 
be required attached to the central pipe by means of flexible 
tubes. In all cases the argand burner should be mounted 
on a stand similar to that of the oil lamps, figs. 105 and 107, so 
that the flame may be raised or depressed to suit every kind 
of microscope. 

In order to render the light from a Cambridge lamp as per- 
fect when the oil has become low as when the reservoir is full, 

Mr. Spencer, of 
Blackheath, hasre- 
commended to the 
author the follow- 
ing very excellent 
contrivance. In 
fig. 110 is shown 
the burner, and a 
section of the re- 
servoir, of a Cam- 
bridge lamp, the 
latter having a dia- 
phragm, D, finnly 
fixed by solder to 
the top and all 
sides of its inte- 
rior, except the 
lower edge, where it is distant from the bottom one-sixteenth 
part of an inch. On the opposite side of the reservoir is 
firmly screwed a stop-cock, S, with flexible tube of gutta 
percha or other material, and mouth-piece, T. When the 
lamp bums dimly, from want of oil or short wick, remove the 
cap. A, and breathe gently through the tube, T, till the oil 
rises to the proper level, L, and immediately close the stop- 
cock. The lamp will then bum as brightly as it did when the 
reservoir was full. 
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To Clean Chimneys of Lamps . — In all cases where a cliiin- 
ney is used witli a lamp, it is liable at times to become dull 
and smoky ; this cannot be washed off by water alone, a small 
quantity of hydrochloric acid added to the water will at once 
remove it. When this is not at hand, a mixture of common 
salt and vinegar will answer the same purpose. A piece of 
flannel fastened to the end of a stick and dipped into either of 
these licjuids will serve to convey it to all parts of the glass. 
Care must be taken to have the ehinmey wiped perfectly dry 
before it is put over the flame, otherwise it is liable to crack, 
and when the lamp is first lighted, it is advisable to have the 
entire circle of the wick lighted before the chimney is put on ; 
some persons ])ut the chimney on when only a portion of the 
wick is lighted, this is always attended with risk. 


CHAPTER V. 

ON THE MAONIEYTNO POVERS USED WITH SIMPLE AND 
ACHROMATIC COMPOUND MICROSCOPES. 

It has been previously stated, at page (54, that the magnifying 
powers employed with the simple microscopes may be divided 
into those consisting of one lens only, or into those of two or 
three lenses combined, and termed, in consequence, either 
doublets or triplets. The former was stated to answer ex- 
ceedingly well for all the lowest powers, and the latter for 
the highest. It would bo foreign to our purjiose to enter in 
detail into all the different methods of constructing the mag- 
nifying powers or lenses that from time to time have occupied 
the attention of the learned in this and other countries, nor 
will it be necessary to trace the alteration in course that the 
rays of light undergo in their passage through lenses of the 
various figures employed in optical instruments, as these will 
be found fully described in the works exclusively devoted to 
this subject ; but, in order to understand in what an achro- 
matic object-glass differs from one of the ordinary construction, 
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it will be requisite, in the first place, that certain terms, 
such as spherical and chromatic aberration, be fully under- 
stood. Most persons arc familiar with the fact, that when 
parallel rays of light fall upon a piano or double convex 
lens, they are brought to a point at a certain distance 
from the lens, which point is termed their focus. Thus sup- 
pose in fig. Ill that the rays, L L, &c., which are drawn 
jiarallel, are, after passing through the planoconvex lens, 
brought to a focus at F, tliis would take place if the lens were 
perfect ; but it is found in practice, that instead of meeting in 
a single point, F, the rays are subject to two different causes 
of cri’or or aberration, the first is called the spherical, the 
second the chromatic aberration ; and as no lens can be made 
except that seen in section in figs. Ill and 112, viz., the plano- 
convex, without both its surfaces being portions of spheres, 
and it having been abundantly proved, that no lens with a 
splierical surface can bring the rays of light issuing 
from one point into a fo(;ns at another jioint, all must 



be subject to what is 
termed aphcrical 
tion^ as shown in fig. 112, 
where L L, &c., repre- 
sent five parallel rays of 
light, the two outer o(‘ 
which will be brought 
into a focus at F, whilst 
the two next, supposing 



them very near the cen- 
tre, will be refracted to 
a more distant point at /, 
the distance from F to 
f being called the fowyz- 
tudinal spherical aberra- 
tion. If the lens were 
placed with its convex 
side towards the parallel 


rays, the aberration would then be comparatively trifling ; the 
same result woidd be obtained even if the lens were equally 
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convex on both sides. A second difficulty now arises, 
termed chromatic aberration ; whatever be the form of the 
surface of the lens opposed to the light, the material itself 
will act uj)on different portions of esich ray with different 
forces, and separate the white light into a variety of colours ; 
tins effect is represented by fig. 113; L L, &c., arc parallel rays 

of light falling upon a plano- 
convex lens ; two of these, 
one from the margin, the 
other from nearer the centre, 
are shown as dispersed and 
coloured, as in the spec- 
trum formed by a prism ; 

Fig. 113- these coloured rays will 

cross each other at S S, the violet, being more refrangible than 
the red, will be brought to a foems nearest to the lens, so 
that, besides the spherical, there is the chromatic aberra- 
tion. Whenever a ray passes from one medium into 
another more or less "refractive, the dispersion is certain to 
take place. As every lens, according to its figure, is more or 
less subject to these two kinds of aberrations, it becomes 
necessary to ascertain how such sources of error may be 
remedied; this, as will presently be shown, can be accom- 
plished to some extent by the employment of two or more 
lenses instead of one, so as to divide the refraction 
among a larger number of surfaces; the defect may also, 
in some measure, be counteracted by diminishing the 
aperture of the lens, by placing a stop oiv diaphragm be- 
hind it, to cut off* the peripheral rays, but this, in all cases, 
is attended with loss of light, and although the lens defines 
better, its penetrating power is reduced in a like proportion. 
For aU lenses of very low power that are employed with 
simple microscopes for dissecting, the spherical and chromatic 
aberration need hardly be considered; it is only when the 
higher powers are required to be used singly or either of them 
as object-glasses for the compound instrument, that the two 
kinds of aberration must of necessity be done away with, or, 
in other words, the aperture must be increased without inter- 
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faring with definition. The spherical aberration may l)e con- 
siderably diminished by attending to the figure ot‘ the lens 
cinployetl ; thus, if it be a planoconvex, tiic convex side sliould 
be placed towards the eye, if a double convex, it has been 
found in practice that one whose radii are in the proportion of’ 
one to six is the form in which the aberration is the least; but 
it can be entirely got rid of by combinations of lenses so dis- 
posed, that their opposite aberrations may correct each other ; 
this was first accomplished in a satisfactory manner by the 
doublet of Dr. Wollaston, before described in pages 30 and 
(55, as consisting of two planoconvex lenses whose focal lengths 
are in the proportion of one to three, the lens of shortest focus 
being placed next the object, and the convex surfaces of both 
directed towards the eye, with a stop or diaphragm between 
them. Wollaston did not employ tJie stop, as liis doublets were 
of such high power, that the lenses nearly touched each other. 
The action of the doublet will be best understood by tlui 
diagram, fig. 114, copied from Mr. Itoss^s article Microscope,” 
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before alluded to, where 
P represents a portion of 
the pupil, J) 1) the dia- 
phragm or stop, and L O 
1/ the object. Each of the 
pencils of light from the 
extremities of the object 
L L' is rendered eccentric 
by the stop, and the ray 
that passed through the 
first lens near to tlie cen- 
tre is made to pass through 
the periphery of the se- 
cond lens, and on the op- 
posite side of the common 
axis, P O ; thus each is 
affected by opposite errors 
which, in some measure, 
neutralise each other, and 


the rays, RB, R B, emanating lii>m L, being bent 1o the 


- 11 
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right in the lower lens^ and to the left in the upper, and, as 
the most refrangible of the coloured rays the blue, is altered 
in its course at each bending, and falls near the margin of the 
second lens, where the refraction is more powerftd than in the 
centre, the blue and red rays will emerge very nearly parallel, 
and, consequently, colourless to the eye ; thus the chromatic 
aberration is almost, if not entirely destroyed, whilst the 
spherical has been considerably diminished by the circum- 
stance that the side of the pencil which passes one lens 
nearest the axis, passes the other nearest the margin. But 
however carefully a doublet of this form may be constructed, 
there must, of necessity, be some small amount of error; the 
central pencil will occupy the same relative position in both 
lenses, the correction of this, consequently, will be imperfect, 
and all those rays intermediate between the centre and the 
margin will vary according to their distance from one or the 
other ; but allowing this, the doublet is, nevertheless, vastly 
superior to any single lens of the same power, and may be 
made to transmit a pencil of an angle from 35® to 50®, with- 
out any very sensible errors, and to exhibit most of the usual 
test objects. 

Another most important improvement in the magnifying 
power of the simple microscope is the triplet of Mr. Holland, 
before described in pages 31 and 65 ; in this instrument three 
lenses are employed, the two lowest being placed close to- 
gether, and the stop between them and the third. The first 
bending of the rays being accomplished by two lenses instead 
of one, the aberrations arc so much diminished, that the 
second bending neutralizes them entirely. The triplet, 
though composed of three lenses, is, nevertheless, a doublet in 
its action, and is capable of transmitting a pencil of sixty-five 
degrees with distinctness and correctness of definition; with 
it we arrive at the highest stage of perfection that the single 
microscope has ever yet attained, as the errors of spherical 
and chromatic aberration, to which all single lenses are more 
or less subject, are nearly destroyed ; but however well either 
the triplet or the doublet may perform separately, they will 
not answer well as object-glasses to the compound microscope. 
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where any error, however slight, in the object-glass, is further 
magnified by the eye-piece. The construction of a inagni- 
fying power for the compound microscope is, therefore, a 
more complicated matter than that 
cither of a doublet or triplet ; for not 
only must sevenil lenses be employed 
to form one magnifier, but even two 
different kinds of glass must be used 
for one lens of such magnifier; and 
throughout the whole range of optical 
science, perhaps there is no single pro- 
blem that has ever yet engaged so 
much of the attention of the learned, 
in all countries, as that of achromatism ; 
and of aU the triumphs in science that 
have been achieved by a combination 
of the labours of the mathematician and 
the workman, no one can outvie in 
delicacy of construction and in impor- 
tance a well made achromatic combi- 
nation. 

In order to understand the different 
parts entering into the composition of a 
perfect object-glass for the compound 
microscope, it must be first shown how 
the rays of light comport themselves in 
their passage through a comi)ound mi- 
croscope of the ordinary kind, that is 
not achromatic. Fig. 115 represents a 
compound microscope of two lenses, 
A B being an object, C D the object- 
glass, and L M the eye-glass. The 
rays proceeding from the object, A B, 
are acted on by the lens, C D, and arc 
brought to a focus at B'A'; but not 
being intercepted there, they cross and pass on till they reach 
the eye-glass, L M, by which they arc rendered nearly 
parallel, and as such reach the eye, the imago, B' A', 
11 * # 


Fig 115. 
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answering as an object to the single lens, L M. The mag- 
nifying power of the compound microscope depends, first, on 
the front focus of the lens, C D, that is the distance, C A or 
D B ; secondly, on its posterior focus, C B' or DA'; and 
thirdly, on the focus of the lens, L M. The power may, 
therefore, be increased by substituting a lens of shorter focal 
length for C D or L M, or by making the distance between 
C D and L M greater. By the addition of a second lens at 
the eye end, the field of view is much increased, and we have 
what is termed an eye-piece ; but by this arrangement no- 
thing has been done to diminish cither the spherical or the 
chromatic aberration of the object-glass, C D. One very 
great advantage which the compound has over the simple 
microscope, besides the greater magnifying power, is that the 
field of view is large and almost equally good in all directions, 
whereas, in the simple, the field is small, and only good in the 
centre. But however well an instrument of this kind may be 
constructed, it will fail to exhibit even many of the ordinary test 
objects; it is, therefore, unfit for the purposes of scientific 
investigation, for in the diagram given at fig. 115, it must not 
be supposed that the image of the object formed at B' A is a 
correct one ; on the contrary, a space for some distance, both 
above and below it, may be considered as occupied by an 
infinite number of variously coloured images of different sizes, 
that interfere with each other, and necessarily render the 
definition indistinct. To overcome all these difficulties has 
been a labour of years, and for an account of the various steps 
towards improvement which have taken place, the reader 
must consult the latter part of the History of the Microscope, 
beginning at page 32, where these points are described in 
chronological older. 

rhe first attempts to achromatise the object-glass were not 
very successful; and we find that within the last twenty-five 
years such philosophers as Biot and Wollaston predicted that 
the compound microscope would never excel the simple when 
supplied with doublets. Happily for us such opinions have 
been since found to be groundless, ^^and the compound micro- 
scope,” says Mr. Ross, « within the last fifteen years, has 
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been elevated from the condition previously described, to that 
of being the most important instrument ever yet bestowed by 
art upon the investigator of nature.”* 

In the doublet of Wollaston, and in the triplet of Mr. Hol- 
land, before described, the lenses were all made of the same 
kind of material ; but in order to render an object-glass for a 
compound microscope achromatic, glass of two different den- 
sities, and flint, crown, or plate, must be employed for each 
lens, as in the telescope invented by Dollond. 

Glasses on this principle, of various degrees of merit, had 
been made about the year 1824, by Selliguc, Fraucnliofcr, 
and Amici, on the continent, when William Tulley, of 
London, without knowing what had been done by them, suc- 
ceeded, in that year, in making the first English achromatic 
object-glass for a compound microscope ; it was composed of 
three lenses, and was capable of transmitting a pencil of 18^ ; 
he soon after constructed another combination, to be placed in 
front of tlie first mentioned, which increased the angle of the 
pencil to 38*^; thus was the difficulty overcome. Mr. Tulley’s 
object-glass exhibited a flat field, and was perfectly corrected ; 
to it also was applied an eye-piece, by which the magnifying 
power produced was one hundred and twenty diameters, but 
when the second combination was added, the power w^as In- 
creased to three hundred. Mr. Tulley Avas encouraged and 
greatly aided in his researches by Dr. Goring and Mr. Joseph 
Jackson Lister, but still he never obtained, by his dwn com- 
binations, an angular aperture beyond thirty-eight or forty 
degrees : it was left for Mr. Lister, in 1829, to point out 
how lenses composed of two kinds of glass, with their inner 
surfaces in contact, could be combined so as to givQy Avith ease 
and certainty, a correction over the whole field, and at the 
same time to transmit a much larger pencil. Mr. Lister’s 
paper, as before stated, at page 40, Avas published in the 
Philosophical Transactions of the Royal Society ^ and so valuable 
was tlie information afforded by it, that from the time of its 
publication up to the present, it has been the foundation of 


* Penny Ci/clojHcdia^ Art., ]Vlicrosco])u. 
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most of tlic improvements in the achromatic microscopes made 
in Eng’a id. 

For all the detail connected with this important subject, 
the reader is rcf(5rred to the paper itself in the Philosophical 
Transactions, where will be found the various steps by which 
Mr. Lister was led to such valuable results. The achromatic 
object-glasses made by our three most eminent opticians, 
JMessrs^ Powell, Ross, and Smith, consist of two or three 
compound lenses, which arc fixed in a long tube or case, those 
of liigh power having the adjustment shown in fig. 22, page 
42, or in section in fig. 116, where A represents the anterior 
pair of lenses, M the middle, and P the 
posterior, the three sets combined form 
the achromatic object-glass. All the 
first-rate instruments are supplied with 
as many as five or six of these objec- 
tives, by which, magnifying powers can 
be obtained from 20 up to 2,000 dia- 
meters. The great expense of their 
manufacture has been always a bar to 
the more general employment of the 
Fig. 116. achromatic microscope ; and to diminish 

this, coinbinatioiis have been made, in which the tube con- 
taining the front lenses may be drawn otf, the baek glass 
being thus used alone for a low power, with a dark stop slid 
over it. • Messrs. Smith and Beck still sometimes supply their 
one-and-a-half inch and two-thirds of an inch glasses so con- 
structed, and thus produce glasses of three inches and one- 
and-a-quarter inch; Messrs. Powell and Ross, on the con- 
trary, always supply distinct combinations. The object- 
glasses made on the Continent consist of sets of three or 
nnore, screwed one upon the other ; of these, the first, second. 
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or third may be used separately or combined ; by tliis means 
three diiferent powers may be obtained, but their construction 
does not allow of fine correction throughout the range. A 
section of a modern compound achromatic microscope, as 
manuractured by our best makers, is represented by fig. 117, 
here o is an object, and above it is seen the triple achro- 
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matic object-glass, in connection with the eye-piece, E E, 
F F, the planoconvex lens, E E, being the eyeglass, and F F 
the ficldglass, and between them at B B 
a dark stop or diaphragm. The course 
of the light is shown by three rays, 
drawn from the centre, and three from 
each end of the object, o ; these rays, if 
not prevented by the lens, FJF, or the 
diaphragm at B B, would form an image 
1 at A A ; but as they meet with the lens, 
F in their passage, they are con- 
verged by it, and meet at B B, where 
the diaphragm is placed to intercept all 
the light except that required for the 
formation of a perfect image, the image 
at B B is further magnified by the lens, 
E E, as if it were an original object in 
the manner described at pages 67 and 
163. The triple achromatic combination 
constructed on Mr. Lister’s improved 
plan, although capable of transmitting 
large angular pencils, and corrected as 
to its own errors of spherical and chro- 
matic aberration, would, nevertheless, 
be incomplete without an eyc-piece of 
peculiar construction. As this subject 
has been so admirably treated by Mr. 
Boss, in the Penny Cyclopeediaj it has 
been thought most desirable to quote 
his own words, as follows : — 

If we stopped here,” says Mr. 
Boss, ‘^we should convey a very im- 
perfect idea of the beautiful series of 
corrections eflected by the eye-piece, 
and which were first pointed out in 
detail in a paper on the subject, pub- 
lished by Mr. Varley, in the fifty-first 
volume of the Transactions of the So^- 
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ciety of Arts. The eye-piece in question was invented by 
Iluyghens for telescopes, with no otlicr view than that of 
diminishing the spherical aberration by producing the refrac- 
tions at two glasses instead of one, and of increasing the field 
of view. It consists of two planoconvex lenses, with their 
plane sides towards the eye, and placed at a distance apart 
(jqual to half the sum of their focal lengths, with a stop or 
diaphragm placed midway between the lenses. Huyghens 
was not aware of the value of his eye-piece ; it was reserved 
for Boscovich to point out that he had, by this important 
arrangement, accidentally con*ected a great part of the chro- 
matic aberration. Let fig. 118 represent the Huyghenian 
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Fig. 118 . 


eye-picce of a microscope, 
F F being the field-glass, 
and E E the eye-glass, and 
L M N the two extreme 
rays of each of the three 
pencils, emanating from the 
centre and ends of the ob- 
ject, of which, but for the 
field-glass, a series of co- 
loured images would be 
formed from It K to B jB ; 
those near It It being red, 
those near B B blue, and 
the intermediate ones green, 
yellow, and so on, corre- 
sponding with the colours of 
the prismatic spectrum. — 
This order of colours, it will 
be observed, is the reverse 
of that occurring in the com- 
mon compound microscope. 


represented by fig. 115, in which the single object ^^glass pro- 
jects the red image beyond the blue. The effect just 
described, of projecting the blue image beyond the red, is 


purposely j>roduced, for reasons presently to be given, and is 
called over-correcting the object-glass as to colour. It is to 
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bo observed, also, tliat the iinji^cs, B li and R 11, arc curved 
ill the wrong direction, to be distinctly seen by a convex eyc- 
Icns, and this is a further defect of the compound microscope 
of two lenses. But the field-glass, at the same time that it 
bonds the rays and converges them to foci at B' B' and R R', 
also reverses the curvature of the images as there shown, and 
gives them the form best adapted for distinct vision by the 
eye-glass, 13 13. The field-glass has at the same tim^ brought 
the blue and red images closer together, so that they are 
adapted to pass uncoloured through the eye-glass. To render 
this important point more intelligible, let it be supposed that 
the object-glass had not been over-corrected, that it had 
been perfectly achromatic ; the rays would then have become 
coloured as soon as they had passed the field-glass ; the blue 
rays, to take the central pencil for example, would converge 
at and the red rays at r, which is just the reverse of what 
the cyc-leiis requires ; for as its blue focus is also shorter than 
its red, it would demand rather that the blue image should be 
at r, and the red at h. This eflect we have shown to be pro- 
duced by the over-correction of the object-glass, which pro- 
trudes the blue foci, B B, as much beyond the red foci, R R, as 
the sum of the distances between the red and blue foci of the 
field-lens and eye-lens ; so that the separation, B R, is exactly 
taken up in passing through those two lenses, and the whole 
of the colours coincide as to focal distance as soon as the rays 
have ])sisscd the eye-lens. But while they coincide 4is to dis- 
tiuice, they diifer in another respect; the blue images are ren- 
dered smaller than the red by the superior refractive power of 
the field-glass upon the blue rays. In tracing the pencil, L, 
for instance, it will be noticed that after passing the field- 
glass, two sets of lines are drawn, one whole, and one dotted, 
the former representing the red, and the latter the blue rays. 
This is the accidental effect in the Huyghenian cye-pic^cc 
pointed out by Boscovich. The separation into colours of 
the field-glass, is like the over-correction of the object-glass ; 
it leads to a subsequent complete correction. For if the dif- 
ferently coloured rays were kept together till they reached 
the eye-glass, they would then become coloured, and present 
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coloured images to the eye ; but, fortunately, and most beauti- 
fully, the separation effected by the field-glass causes the blue 
rays to fall so much nearer the centre of the eye-glass, (where, 
owing to the spherical figure, the refractive power is less than 
at the margin,) that the spherical error of the eye-lens consti- 
tute:3 a nearly perfect balance to the chromatic dispersion of 
the field-lens, and the red and blue rays, L' and L", emeige 
sensibly parallel, presenting, in consequence, the perfect defi- 
nition of a single point to the eye. The same reasoning is 
true of the intermediate colours and of the other pencils.^’ 

From what has been stated, it is obvious that we mean, by 
an achromatic object-glass, one in which the usual order of 
dispersion is so far reversed, that the light, after undergoing 
the singularly beautiful series of changes effected by the eye- 
piece, shall come uncoloured to the eye. We can give no 
specific rules for producing these results. Close study of the 
formulae for achromatism, given by the celebrated mathema- 
ticians we have quoted, will do much, but the principles must 
be brought to the test of repeated experiment. Nor will the 
experiments be worth anything, unless the curves be most 
accurately measured and worked, and the lenses centred and 
adjusted with a degree of precision which, to those who are 
familiar only with telescopes, will be quite unprecedented. 
When object-glasses of high power, constructed upon the 
improved plan of Mr. Lister, came to be accurately tested, 
Mr. Ross /ound out that if tiiey exhibited well, objects that 
were uncovered, they did not show so beautifully those that 
were covered with thin glass or mica, with or without being 
immersed in fluid. He speedily found a remedy, which, in 
order to be fully understood, must be described in his own 
words, taken either from the original paper in the Transac- 
tions of the Society of Artsj or from the article, "Microscope,’’ 
in the Penny Cyclopcedia, which has been already so often 
quoted. 

"Mr. Lister’s new principles were applied and exhibited 
by Mr. Hugh Powell and Mr. Andrew Ross, with a degree 
of success Aat had never been anticipated; so perfect, indeed, 
ivere the corrections given to the achromatic object-glass — 
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SO completely were the errors of sphericity and dispersion 
balanced or destroyed — ^that the circumstance of covering the 
object with a plate of the thinnest glass or mica disturbed the 
corrections, if they had been adapted to an uncovered object, 
and rendered an object-glass, which was perfect under one 
condition, sensibly defective under the other. This defect, 
if that should be called a defect which arose out of improve- 
ment, was first discovered by Mr. Boss, who imme^ately 
suggested the means of correcting it, and presented to the 
Society of Arts, in 1837, a paper on the subject, which was 
l)ublished in the fifty-first volume of their Transactions^ and 
which, as it is, like Mr. Lister’s, essential to a full under- 
standing of the ultimate refinements of the instrument, we 
shall extract nearly in full : — 

** In die course of a practical investigation,” says Mr. Boss, 
“ with a view of constructing a combination of lenses for the 
object-glass of a compound microscope, which should be free 
from the effects of aberration, both for central and oblique 
pencils of great angle, I combined the condition of the greatest 
possible distance between th^ object and object-glass; for in 
object-glasses of short focal length, their closeness to the 
object has been an obstacle in many cases to the use of high 
magnifying powers, and is a constant source of inconve- 
nience. 

" In the improved combination, the diameter is only suffi- 
cient to admit the proper pencil; the convex lenses are 
wrought to an edge, and the concave have only sufficient 
thickness to support their figure ; consequently, the combina- 
tion is the thinnest possible ; and it follows that there will be 
the greatest distance between the object and the object-glass. 
The focal length is one-eighth of an inch, having an angular 
aperture of 60®, with a ^stance of one-twenty-fifth of an 
inch and a magnifying power of 970 times linear, with perfect 
definition on the most diificult Podura sciiles. I have made 
object-glasses of one-sixteenth of an inch focal length ; but as 
the angular aperture cannot be advantageously increased, if 
the greatest distance between the object and the object-glass 
is preserved, their use will be very limited. The quality of 
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the definition produced by an achromatic compound micro- 
scope will depend upon the accuracy with which tlie aberra- 
tions, both chromatic and spherical, are balanced, together 
with the general perfection of the workmanship. Now, in 
Wollaston’s doublets and Holland’s triplets, there are no 
means of producing a balance of the aberrations, as they 
are composed of convex lenses only ; therefore the best that 
can be done, is to make the aberrations a minimum; the 
remaining positive aberration in these forms, produces its 
peculiar effect upon objects (particularly the detail of the thin 
transparent class) which may lead to misapprehension of their 
true structure; but with the achromatic object-glass, where 
the aberrations are correctly balanced, the most minute parts 
of an object are accurately displayed, so that a satisfactory 
judgment of their character may be formed. It will be seen 
by fig. 119, that when a certain angular pencil, A O A, pro- 
ceeds from the object, 0, and is incident on the plane side of 
the first lens, if the combination be removed from the object, 
as in fig. 120, the extreme mys of the pencil impinge on the 



more marginal parts of the glass, and as the refractions are 
greater here, the aberrations will be greater also. Now, if 
two compound object-glasses have their aberrations balanced, 
one being situated as in fig. 119, and the other as in fig. 120, 
and the same disturbing power applied to both, that in wliicb 
the angles of incidence and the aberrations arc small, will not 
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be SO much disturbed as where the angles are great, and 
where, consequently, the aberrations increase rapidly. 

«When an object-glass has its aberrations balanced for 
viewing an opaque object, and it is required to examine that 
object by transmitted light, the correction will remain; but 
if it be necessary to immerse the object in a fluid, or to cover it 
with glass or mica, an aberration will arise from these circum- 
stances which will disturb the previous correction, and, con- 
sequently, deteriorate the definition, and this effect will be 
more obvious with the increase of the distance between the 
object and the object-glass. The aberration produced with 
diverging rays by a piece of flat and parallel glass, such as 
would be used for covering an object, is represented at fig. 121, 



Fig. 121. 


where G G G G is the refracting medium, or a piece of glass 
covering the object, O, and O P the axis of the pencil, perpen- 
dicular to the flat surfaces, O T a ray near the axis, and 
O extreme ray of the pencil incident on the under 

surface of the glass : then T 11 T' R' will be the directions of 
the rays in the medium, and R E R' E' those of the emergent 
rays. Now, if the course of these rays is continued as by the 
dotted lines, they will be found to intersect the axis at dif- 
ferent distances, X and Y, from the surface of the glass ; and 
the distance, X Y, is the abenation produced by the medium 
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which, as before stated, interferes with the preTionsly balanced 
aberrations of the several lenses composing the object-glass. 
There are many cases of this, but the one here selected serves 
best to illustrate the principle. If an object-glass is con- 
structed as represented by fig. 120, where the posterior com- 
bination, P, and the middle, M, have together an excess of 
negative aberration, and if this be corrected by the anterior 
combination. A, having an excess of positive aberration, then 
this latter combination can be made to act more or less power- 
fully upon P and M, by making it approach to or recede 
from them; for when the three are in close contact, the 
distance of the object from the object-glass is greatest, and, 
consequently, the rays from the object are diverging from a 
point at a greater distance than when the combinations are 
separated, and as a lens bends the rays more, or acts with 
greater cfiect, the more distant the object is, from which the 
rays diverge, the effect of the anterior combination A, upon 
the other two, P and M, will vary with its distance from 
thence. When, therefore, the correction of the whole is 
effected for an opaque object, with a certain distance between 
the anterior and middle combination, if they are then put in 
contact, the distance between the object and the object-glass 
will be increased ; consequently the anterior combination will 
act more powerfully, and the whole will have an excess of 
positive aberration. Now, the effect of the aberration pro- 
duced by a piece of flat and parallel glass being of the nega- 
tive character, it is obvious that the above considerations 
suggest the means of correction by moving the lenses nearer 
together, till the positive aberration thereby produced balances 
the negative aberration caused by the medium. The pre- 
ceding refers only to the spherical aberration, but the effect 
of the chromatic is also seen when an object is covered ^th a 
piece of glass ; for in the course of my experiments, I observed 
that it produced a chromatic thickening of the outline of the 
Podura and other delicate scales, and if diveiging rays near 
the axis and at the margin are projected through a piece of 
flat parallel glass, with the various indices of refraction for 
the diflSsrent colours, it will be seen that each ray will emerge 
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separated into a beam consisting of the component colours of 
the ray, and that each beam is widely different in form. This 
difference being magnified by the power of the microscope, 
readily accounts for the chromatic thickening of the outline 
just mentioned. Therefore, to obtain the finest definition 
of extremely delicate and minute objects, they should be 
viewed without a covering ; if it be desirable to immerse them 
in fluid, they should be covered with the tliinnest possible 
film of mica or glass, as from the character of the chromatic 
aberration, it will be seeji that varying the distances of the 
combinations will not sensibly affect the correction; though 
object-lenses may be made to include a given fluid or solid 
medium in their correction for colour.” 

The mechanism for applying these principles to the correc- 
tion of an object-glass under the various circumstances, haa 
been already described at page 42, where also was shown, by 
fig. 22, a vertical section of an achromatic object-glass, of one- 
eighth of an inch focus ; the mode of making the adjustments 
according to the plan of Mr. Ross, as well as that of Mr. 
Wenham, which has only lately been proposed, will be fully 
described in the chapter devoted to test objects. 

It is hardly necessary to observe,” says Mr. Ross, that 
the necessity for this correction is wholly independent of any 
particular construction of the object-glass; as in all cases 
where the object-glass is corrected for an object uncovered, 
any covering of glass will create a different value of aberration 
to the first lens which previously balanced the aberration 
resulting from the rest of the lenses ; and as this disturbance 
is effected at the first refraction, it is independent of the other 
part of the combination. The visibility of the effect depends 
on the distance of the object from the object-glass, the angle 
of the i^ncil transmitted, the focal length of the combination, 
the thinness of the glass covering the object, and the general 
perfection of the corrections for chromatism and the oblique 
pencils.” 

The object-glasses that are supplied with the adjustment, 
for thickness of glass, are the highest powers, viz., the one- 
sixteenth of an inch in focal length, the one-eighth, the one- 
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fourth, and, in some cases, the one-half; in all the powers lower 
than these, tlie adjustment is not required, as the tJiickness of 
the glass cover does not materially interfere with their definition. 

The eye^imcas supplied with the compound microscopes 
are of the Iluyghenian principle before described, and are 
generally three in number; they may be designated by the 
letters. A, B, and C, the first being the lowest in power, the 
last the liighest. Those of Messrs. Powell and Smith are so 
constructed, that with the one-inch object-glasses the magni- 
fying power with A will be about 30, with B 60, and C lOO, 
or in the proportion of 1, 2, 3 ; but Mr. Boss varies the power 
of the second or B, and his proportion is about 1,1^ and 2^-, 
The lowest, or that marked A, is the one more commonly 
employed, the others, especially C, are not so frequently used, 
in consequence of the loss of light, and, in some cases, of defi- 
nition also ; but all arc extremely necessary when we wish 
to gain an increase in the magnifying power without the 
employment of a higher object-glass. Two other forms of 
eye- piece arc sometimes employed, one of which was invented 
by Bamsden ; it consists of two planoconvex lenses with their 
convex sides towards each other, and is used with the micro- 
meter, If a divided glass scale or fine wires be placed exactly 
where the image formed by the object-glass is situated, the 
scale and the image will be magnified together, and every 
part of the image will be, as it were, brought in contact with 
a scale, th^ value of each of the divisions of which can be accu- 
rately asccrttiined, even to the twenty-thousandth of an inch. 
The curvature of the image formed by this eye-piece is not 
reversed as in the Huyghenian form, hence it has received the 
name of a positive cyc-piecc, in contradistinction to that of 
Iluyghens, which is termed a negative one; but however 
accurately such an cyc-picce may be made, its defining powi r 
is not so good as that of Iluyghens, but Mr. Boss states, that if 
the glasses were made up of two achromatic combinations, this 
eye-piece would be by far the most perfect of all, both for 
telescopes and microscopes. Horae persons employ either two 
plano-convex or double convex lenses as a substitute for the 
single eye-lens of the eye-piece, in order that the field of view 
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may be considerably increased without any great regard to cor- 
rectness of the details. For this purpose. Dr. Carpenter states,* 

That lie has been in the habit of using an eye-piece consisting 
of a meniscus, having the concave side next the eye, and a con- 
vex lens, having the form of least aberration with its flattest 
side next the object ; this form nearly resembles Ilerschcirs 
aplanatic doublet. The field-glass also is a double convex lens 
of the form of least aberration. With this eye-piece he was 
enabled to obtain a field of fourteen inches in diameter 
(measured at the usual distance — ten inches), equally distinct 
and well illuminated over every part, and admirably adapted 
for the display of sections of Avood, wings of insects, and 
objects of a similar description, and also for opaque objects. 
When employing it for these purposes, he prefers using a 
single lens as an object-glass instead of an acliromatic one, as 
the latter are adjusted for a much smaller field of view, and 
produce an image which is distinct only in the centre.” 

The power of the microscope may be greatly increased, not 
only by using different eye-pieces and object-glasses, but also 
by increasing the distance between them by the draw-tube, 
described in page 69. For instance, suppose that tlic one 
inch object-glass and the lowest eye-piece arc employed, and 
that without the draw-tube the magnifying power was thirty- 
five, and Avith the second eye-piece forty-five, and with the 
third eighty-five, by the draiv-tube these poAvers may not 
only be made even numbers, as forty, fifty, and ninety, but all 
intermediate numbers, if required, may be obtained Avithout 
changing either the eye-piece or the object-glass. Besides 
this, it is often required to make a particular object fill the 
whole or nearly the whole of the field of view ; this is readily 
done by employing the eye-piece and object-glass that most 
nearly etfcct it, and then accomplishing the remainder by 
draAving out the tube. In the use of the micrometer eye- 
piece, the draw-tube will also be found of essential service to 
make the divisions come out whole numbers, a point that Avill 
again be more particularly dAvclt on. 

* Art. “ Microscope,” Cyclopcedia of Amtorny and Physiology^ p. 3 V2. 
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CHAPTER 1. 

PRELIMINARY DIRECTIONS. 

All the most complete forms, both of simple and compound 
microscopes, constructed by our principal makers, together 
with the optical and other apparatus supplied with them, 
having now been fully described in the first part of the work, 
it becomes necessary to enter in detail into the different modes 
of using the same; and as the compound instrument is of 
more general importance and more difficult to use than the 
simjile form, it must first claim our attention. For the 
better understanding of the different steps in the j)roceeding, 
it has been deemed advisable, however, to describe them under 
separate heads. 

Position . — If day-light is to be employed as tlic illuminating 
agent, the spot selected for planting the microscope bn should 
be in all cases a firm steady tabic, near a window that is not 
at the time exposed to the direct rays of the sun ; a white 
cloud immediately opposite to the sun is the point from which 
tlie most intense light is given off^ and a blue sky in the same 
situation, or a dark cloud, is that from which the fewest rays 
proceed. If the instrument is to be used at night, it matters 
not where the table is placed, but the choice of an illuminator 
then becomes necessary ; thib most commonly is an Argand 
oil lamp, but a wax light or that of gas or camphine may 
supply its place. The microscope having the mirror and the 
rest of the optical part free from dust, being placed upon the 
table, and an eye-piece having been slid into one end of the 
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compound body, and an object-glass screwed into the other, 
should now for most purposes be inclined to such an angle as 
will bring the top of the eye-piece opposite the eye of the ob- 
server when sitting in the most easy posture. The next step 
is the adjustment of the light. 

Adjustment of the Light — If it be required to examine a 
transparent object by day, the light must be taken from a 
window as free from bars as possible; but if at night, then 
one of tlic illuminators, previously described, must be brought 
within a moderate distance of the mirror; this last is to 
be turned about, until the light reflected from its surface is 
seen to pass through the hole in the stage, and to fall in the 
direction of the axis ol* the instrument upon the end of tlie 
object-glass ; then, by applying the eye to the eye-piece, and 
moving the mirror very slightly one way or the other, the 
maximum of light will be obtained. If the object to be exa- 
mined be opaque, and if the Lieberkuhn, fig. 77, is to be em- 
ployed, the lamp may be placed in the same position as for a 
transparent object, but if required to be illuminated by either 
of the condensing lenses represented at j^age 122, then tlic 
lamp must be brought nearer to the observer, and the light 
thrown upon the object by the condenser, in the manner pre- 
sently to be shown by diagrams. As a general rule, it is best 
to use the low powers first, as a good light and greater clear- 
ness of definition, together with a large field of view, will be 
obtained ;* the higher powers may be employed when the 
observcir has a good general idea of the arrangement of the 
several parts. 

Transjmrent Objects^ — These, previous to being examined, 
are to be placed either with or without water upon a slip of 
glass, and covered with a piece of thin glass or mica, or, if re- 
quired, either of the animalcule cages or compressors, described 
at page 130, may be employed for the same purpose. Between 
which ever of these pieces of apparatus the object is con- 
taiiuid, the next proceeding is to place it upon the object-plate 
of the stage, and adjust the latter (either by sliding it up or 
down, or by acting on it by the stage movements), so that the 
object, if visible to the naked eye, may be brought as near to 
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the axis of the object-glass as possible- We now come to tlic 
adjustment of the focus. 

Adjustment of the Focus . — If the focal distance of the object- 
glass be known, then, without looking through the compound 
body, it may be brought down within the focus, by tm'ning 
the large milled head of the coarse adjustment, and the eye 
being applied to the eye-piece, the proper focus may be ob- 
tained, by carefully turning the milled head backwards, until 
either the object or some of the extmneous bodies generally 
found upon the glass or in the fluid come into view. If the 
power employed bo a high one, it is always best to bring the 
object-glass as near as possible to the focus with the coarse 
adjustment, and to use the fine afterwards, when the eye is 
applied to the eye-piece. If the object be not in the field of 
view, then the glass or othej^ apparatus on which the object is 
placed is to be moved about by the stage adjustments until it 
appears there, or, in the absence of stage movements, the 
fingers themselves can be employed. When the object is of 
any thickness, it will be readily found that, by the use of the 
fine adjustment, any part, whether of the upper or of the 
under surface, may be brought into focus ; and if it should be 
transparent and cylindrical, like some of the vascular tissues 
of plants, the markings on the vessels may be traced all round 
the cylinder. In the instruments of Messrs. Smith and Beck, 
one revolution of the milled head will either raise or depress 
the object-glass about the of an inch, and being graduated 
into ten divisions, the value of one division will be the u^qq 
of an inch, so that the thickness of any object can be very 
well ascertained to this minute quantity ; a plan of measuring 
that was first adopted by Mr. Valentine in the microscope, 
described at page 61. By this contrivance, also, certain pits 
or depressions in any object can be accurately measured, by 
bringing first the upper or plane surface into focus, and then 
noting how many revolutions or parts of a revolution are gone 
through before the bottom surface is equally well defined. 
The graduation of the milled head will also be found of great 
service for properly adjusting the front lens of the higher 
power object-glasses, as the thickness of the thin glass (;ovci 
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can be accurately measured, and the object-glass corrected by 
certain rules presently to be laid dowjn. When any object 
has been under examination, and it has become necessary 
either to remove it from the stage for some alteration, or to 
substitute another in its stead, it will be found the best plan, 
if the object-glass be of short focus, to turn it back from the 
object before removing it ; by this means all contact between 
it and the object will be prevented, and the risk of Injury 
avoided. After a few trials the custom of turning back the 
object-glass by the coarse adjustment will become habitual. 

Various re-agents, such as the acids or alkalies, may be 
applied to objects Avhen they are being viewed, by touch- 
ing the edges of the glass cover with a small glass rod or tube 
that has been dipped into the required fluid. A small quan- 
tity will gradually insinuate itsel^etvveen the glasses, and its 
effects can be easily watched. When a large quantity of a 
corrosive fluid is rcciuircd, or if the object in fluid be not 
firmly secured between the two glasses, it is advisable to 
place the microscope upright, that the danger of losing the 
object, or of having the fluid escape about the stage, may be 
avoided. The glasses between which objects are placed 
should be perfectly free from grease; if not so, when the water 
or other fluid is added, it will not run equally between them, 
and large air bubbles will be formed, all of which should be 
got rid of, especially if they arc in the neighbourhood of the 
object, as they act like so many lenses, and occasion a disturb- 
ance in the rays of light that are passing either through or 
about them. 

Small living insects may be viewed in the live box or the 
animalcule cages by transmitted light, and those that are 
large, such as flies, may even be held in the forceps, and the 
circulation in their legs readily seen, no glass being placed 
beneath them. 

When the highest powers arc required, the light of day 
or of a lamp may be greatly increased by the use of the achro- 
matic condenser, described at page 113. In order to get the 
most light, thfe lamp should be brought as near the instrument 
as possible, and the achromatic condenser so adjusted that 
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the image of the flame may be seen co-incident with the 
object. 

Opaqm Objects ^ — These are illuminated either by the bull’s- 
eye condensing lens, the Lieberkulm, or the side reflector, and 
the object-glasses employed cannot exceed the one-fourth of 
an inch, as no higher magnifier is provided with a Licberkuhn, 
and the light from the condensing lens or side reflector cannot 
well be thrown upon .any opaque object having the object-glass 
nearly approaching it. Opaque objects arc generally mounted, 
either on slips of glass or on discs of card or other material, 
having a pin passed through them ; these require to be held 
in the forceps, described at page 129; and if the Licberkuhn 
be employed, the diaphragm plate under the stage must be 
removed, and the light thrown upon the Licberkuhn by the 
concave min*or in the same manner as was described for a 
transparent object, the lamp or other illuminating agent being 
placed either in front or on one side of the mirror. If the 
microscope be inclined, and it be required to illuminate an 
opaque object by the condensing lens, the lamp must then be 
brought near to the eye of the observer, and tlie condenser 
placed between it and the object ; the distance between the 
^ lamp and the condenser being in all cases greater than that 
between the condenser and the object, otherwise the rays of 
light will not be made to converge upon the object. If the 
disc or glass on which the object is mounted, or the object 
itself^ be not large enough to cut oft the light from entering 
the object-glass, then a dark stop or well, represented by fig. 
79, must be employed to form a back ground. 
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CHAPTER IL 

ON THE ILLUMINATION OF OBJECTS. 

All the objects required to be examined by the microscope 
belong to one of two classes, cither the transparent or the 
opaque. The methods of illumination differ for each class: in 
the former the light is generally reflected upon them by means 
of a plane or convex mirror, whilst in the latter it is either 
condensed upon them by a lens or else by some modification 
of the silvered cup, termed, from its inventor, the Lieberkuhn. 
As the perfect illumination of objects is of the utmost import- 
ance, nay, almost as essential as a good glass to examine them 
with, we will enter somewhat in detail into the various plans 
to be adopted, in order that all the characters of the subject 
under investigation may be brought out and rendered per- 
fectly distinct. In order to effect this, it is requisite that it 
be viewed alternately under every description of light, 
whether strong or faint, oblique or direct ; or whether the 
light be reflected through it from a mirror, as in the case of a 
transparent object, or be condensed upon it by a lens as- 
for an opaque ; in short, every new subject should be 
viewed under all the various conditions subsequently to be 
enumciMted. 

Transpe^rmt Objects . — Wlien a great amount of light is 
required, the plan generally adopted is to use the concave 
mirror, which should be so contrived as to slide up and down 
upon a stem, so that it may be brought near the stage or be 
slid away from it, and, by means of a universal joint, be made 
capable of being turned in every direction ; when rays of 
light from a lamp or candle placed beyond its principal focus, 
fjill upon a concave mirror, they are rendered convergent, and 
the distance of the mirror from the stage should, therefore, be 
so regulated that, if required, the whole of tlie light reflected 
from the mirror may be brought to a focus upon the object, 
or if a weaker light be necessary, then by sliding the mirror 
cither nearer the stage or farther a>vay from it, the desired 
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light will be obtained. In both these latter cases there will be 
a larger field of view illuminated, but with a great diminution 
of its brightness; hence the use of the mirror being made to 
slide. For all objects of large size, such as sections of wood, 
mosses, the wings of insects, &c., where low powers only are 
required, the illumination may be effected by the concave 
mirror, which, for the pui*posc, should not be less than two 
iziches in diameter. Nothing is more simple than to illu- 
minate a large object under a low power, but difficulties will 
be found when high powers are used ; and it is important that 
all the light possible should be made available for the purpose ; 
it becomes necessary, therefore, to have recourse to the other 
optical contrivances presently to be described. 

To cut off all superfluous light, an apparatus termed the 
diaphragm, described at page 111, fig. 56, is generally fitted 
to the under side of the stage ; it is supplied with a moveable 
plate, in which there are three or more holes of ilifferent 
sizes; each of these in succession^'may be brought between 
the mirror and the object, and it will be found advisable to 
try by which of the apertures tlie best definition is effected. • 

•Some persons rcconmicnd the interposition of a plate of 
ground-glass between the mirror and the object, to diffuse the 
light equally over the field, and to destroy all the glare occa- 
sioned by the reflection of a large body of light ; but this is 
only applicable to objects of large size, where low powers are 
used. When applied to the higher powers, and, to objects 
wliich require to be Avcll defined, the field of view is then 
rendered so misty, that all shaiqincss of outline is destroyed. 
In this case a great improvement is effected if the ground 
surface of the glass be made greasy, which allows more light 
to be transmitted. Another way of softening the glare is to 
supply the place of the ground-glass with glass of a neutral 
or blue colour ; this is recommended to destroy the reddish- 
yellow colour given off from all lamps or candles, and to make 
the artificial light as pleasant to use as that of the natural or 
daylight; but none of these appliances should be used with 
high powers, or where accurate definition is necessary, as in 
the case of test objects. 
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The plane mirror^ with some form of condensing apparatus^ 
is required with all powers above that of a hundred linear, 
when it is wished to examine very delicate objects by arti- 
ficial light; for this purpose the form of condenser first 
recommended by Dr. Wollaston for his doublet microscopes, 
and described in pages 30 and 112, will be found useful; 
it consists of a tube, in which a plano-convex lens, of three- 
quarters of an inch focus, is made to slide up and down 
within certain limits. This tube is fitted to the under part of 
the stage, and at its lower end is provided with a plate of 
metal, perforated with a hole of a requisite size, termed a 
stop; the rays of light reflected from the mirror, if taken 
from a white cloud, being parallel, will be thrown upon the 
lens as such, and by it be brought into a focus upon the 
object ; this is effected by sliding the lens either up or down. 
Most objects are best seen when the image of the aperture 
or stop is also best seen. 

Dr. Goring effected an improvement on Dr. Wollaston’s 
condenser, by putting the stop above the lens, so as to cut off 
til superfluous rays of light ; but if the original tube be pre- 
served, the stop above the mirror may still be used, the one 
immediately above the lens being in no way interfered with 
by it. Mr. Varley has recommended* a very excellent plan 
for imitating artificially the light reflected from a white cloud 
opposite the sun ; this is by covering the surface of the mirror 
under the stage with the effloresced carbonate of soda or some 
other white material. On the suiface of this the light of the 
sun is to be concentrated by means of a large condensing lens. 
The light so reflected is very intense, and forms an excellent 
substitute for the white cloud, which, as Mr. Koss 8tates,t 
when opposite the sun, and of considerable size, is the best 
daylight, as the pure blue sky, in the same situation, is the 
worst. 

Mr. Handford has lately described a very excellent substi- 
tute for the plaster of Paris mirror. He employs a concave 


Vol. xlix., page 353, of Tramactiom of the Society of Arts, 
t Penny Cyclopaedia^ Art., Microscope. 
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plate of gla8S> like that of the ordinary mirror, but, instead of 
the silvering, he coats the back with white zinc paint. This 
mirror is set in a frame, and when required can be placed 
over the silvered one; its effect on certain objects, such as 
sections of bone and teeth, is very striking. 

Sir David Brewster, to whom we arc indebted for so many 
valuable suggestions and discoveries in optical science, states* 
that, for perfect definition, the focus of the illuminating lens 
for transparent objects should fall exactly upon the object, so 
that there shall not be two sets of rays at different angles, 
one proceeding from the luminous body, and the other from 
the object to be magnified ; and adds, — That the illuminating 
lens should be perfectly free from chromatic and spherical 
aberration, and that the greatest care should be taken to ex- 
clude all extraneous light, both from the object and from the 
eye of the observer.” All this implies that the condenser 
employed should be in itself achromatic, for an ordinary lens 
acting more or less as a prism to decompose the light, it 
follows that in most cases we shall have the object illuminated 
with the prismatic colours, which would injure the sharpness* 
of outline. Hence the necessity of employing a doublet or 
some kind of achromatic lens for a condenser. 

Achromatic Condenser or Eclalrage . — This instrument, the 
invention of M. Dujardin, an eminent French microscopist, 
has been previously alluded to; the different forms of it, sup-, 
plied with our best microscopes, are represented l^y figs. 58, 
59, 60, and although differing slightly in certain points of their 
construction, they all, nevertheless, are capable of being so 
adjusted for use, that the axes of the illuminating lens and 
object-glass may accurately coincide with each other. The 
means provided for effecting these adjustments are represented 
by the figures; but, in order to facilitate their use, Mr. Boss 
has drawn up a series of directions, which, being applicable to 
other microscopes as well as his own, I here quote in full : — 

^^When employing this apparatus, the general practice is 
to insert in it, as an illuminating lens, the object-glass next 


* Treatise on Microscope^ p. 146. 
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lowest in power to that which is intended to be attached to 
the microscope ; so that when the one-eighth is used on the 
microscope, the one-fourth is screwed into the illuminating 
apparatus, and so, in like manner, with tlie rest. But when 
economy is not regarded, a system of three achromatic com- 
l)inations is supplied, adapted for the illumination of the 
whole range of the powers of the microscope, the whole 
system being employed for the highest powers, two of such 
combinations with the middle powers, and the largest combi- 
nation by itself, for the lowest powers. This illumination is 
not required for objects when viewed with object-glasses 
transmitting small pencils of rays, or whose angular aperture 
is less than thirty degrees — that is, where the object-glass is 
of greater focal length than half an inch. 

" The apparatus is fixed to the under side of the stage of the 
microscope, in the place of the diaphragm plate ; and before 
fixing, the proper object-glass, as an illuminating lens, must 
be screwed on to it. Place the object to be viewed upon the 
stage of the microscope, and when the instrument is not 
directed at once (as after noticed) to the source of light, such 
as the flame of a lamp or a white cloud, arrange the reflector 
(having the plane mirror upw.ards) so as to throw the light up 
the tube of the apparatus ; which may be ascertained by 
turning aside the microscope tube, and obseiwing when the 
spot of light appears on the object placed on the stage. The 
microscope tube is then to be replaced, as nearly over the 
spot of light as possible, and vision of the object obtained, 
disregarding the precise quality of the light. 

" The two following important adjustments must next be 
effected: — first, make the image of the source of light (as 
flame of lamp or light cloud) distinctly seen at the same time 
that the object on the stage is seen; and, secondly, make 
the axis of the tube of the illuminating apparatus coincide 
with that of the tube of the microscope. The fine adjustment 
is accomplished by turning the milled-head screw on the side 
of the tube of the apparatus, until the brightest illumination 
is seen through the microscope; then move the microscope 
tube from its central position sideways across the spot of 
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light and back again, to ascertain if the spot of light passes 
across the centre of the field of vision; if not, it may be 
corrected by turning the milled-hcad screw of the illuminating 
apparatus which presses agajnst the front edge of the stage, 
and when, by adjustment, it is found that the spot of light 
passes centrally across the field, then, having adjusted the 
microscope tube so as to bring the spot of light to the centre 
of the field of vision, screw the microscope tube fast in its 
place. To effect the second adjustment mentioned above, the 
mirror must be moved about until an image, more or less 
distinct, of some adjjicent object — such as a window-bar or 
chimney-pot — crosses the field of the microscope; the most 
distinct vision of this object is then to be obtained by turning 
the milled-hcad screw on the side of the illuminating appa- 
ratus, the microscope tube remaining stationary with the object 
in its focus. When these general adjustments arc accom- 
plished, the whole may require correction, wliich must be 
effected by a repetition of the process. The miiTor may then 
be turned up to the sky, that being the source of light, and 
its best state for illuminating microscopic objects is by means 
of white clouds opposite the sun. The utmost perfection of 
vision is generally obtained by this adjustment for day-light 
illumination upon delicate objects; but by lamp-light these 
objects arc sometimes seen best by placing the achromatic 
illuminating lens a little nearer the object than the distance 
which produces a distinct image of the source of light, at the 
same time that the object is in focus. Objects having some 
little thickness are best seen when the lens is a little farther 
off than the distance just mentioned. This last position of 
the illuminating lens diffuses the light more equally over the 
field. 

When lamp-light is used, an object-glass of lower power 
than that which it is intended to employ for observation, 
should be applied to the microscope tube, and the adjustment 
performed as before directed. Attention must be paid to this 
additional circumstance, namely, that the image of the lamp 
be placed in the middle of the illuminated disc of light, by 
means of the mirror ; the mirror and lamp arc then to remain 
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stationary. But if the mirror should not be employed, and 
the light obtained direct from the lamp, then, in order to 
throw the image of the lamp in the middle of the illuminated 
disc, the adjustment must be made by a lateral movement 
of the whole microscope, and by varying its inclination ; the 
image being thus found, the lamp and microscope must remain 
stationary. The object-glass used in this preliminary adjust- 
ment is to be removed, and the object-glass to be employed 
for observation is then to be screwed on to the microscoj)c 
tube in its place, and the object brought into focus, which 
will also bring the image of the flame of the lamp distinct ; 
but the distinctness, as also the centricity of the image of the 
flame, may have been in a degree deranged by slight differ- 
ences in the screws of the object-glass and other minute 
circumstances. This deviation is to be rectified by moving the 
microscope tube sideways and back again across the image of the 
flame, and, if adjustment be necessary, by turning the milled- 
head screw which presses against the front edge of the stage, 
as before described, while the mirror and lamp remain sta- 
tionary. Slight obliquity of the illumination subdues the 
glare attendant upon perfectly central and full illumination by 
lamp-light; and this obliquity may be obtained by slightly 
altering the position of the mirror; or if the mirror is not 
employed, but light is obtained by pointing the microscope 
tube directly to the lamp, then the obliquity required may be 
obtained by a small variation of the inclination of the micro- 
scope.” 

If a stop with a small aperture be placed temporarily in the 
lower end of the condenser, so us to render the spot of light 
smaller than the field of the eye-piece, it will not be necessary 
to put on a low power object-glass to make the adjust- 
ments. 

Some achromatic condensers are provided with a prism of 
the form represented by fig. 63, as a substitute for the plane 
mirror. M. Dujardin employed it with his condenser, and the 
first of these instruments brought to this country was supplied 
with one. The method of using it differs so little from that 
of the ordinary mirror, that no especial directions need be given. 
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The prism ecrtainly has some advantages over a mirror in 
bringing out minute markings, and also in reflecting more 
light. 

Ml'. Vaiiey’s dark chamber has been already described at 
page 112: it is very useful where an achromatic^ condenser is 
not applied, as the light, having no lens to ptiss tlirough, 
is not decomposed ; in this consists its value. The method of 
using it being similar to that of the a(dironiatic or AYol- 
laston’s condensci*, a separate description is not re([uired in 
this place. 

Direct IJyht — Many very delicate objects may be seen to 
the greatest advantage by what is termed direct Ihjhty which 
is obtained readily by the removal of the miri'or, and by 
placing a lamp or candle behind the stage in its stead: for this 
purpose it will be necessary to incline the microscope, so that 
the rays may pass through the stage, and in order that the 
posture in which the observer must be placed be not ren- 
dered fatiguing, it is the best ])lan at first so to raise the 
instrument from tlie table, that the eye-pi(‘ee may be on a 
level with the eye. Tn the day time, the light taken directly 
from a white cloud opposite the sun will sca-ve to bring out 
some objects very beautifully, but it is impossible to give 
a list of those tliat are best shown by direct light, this can 
only be known aftei' very extensive practice, as the effects 
will vary with each different magnifying power. 



Fig. 122 represents the method of illuminating by direct 
light. a is the comi)Ound body, placed in a horizontal 
13 
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position, having the stage ^ at right angles to it; the mirror 
m is turned on one side, so that the diverging rays r r' 
emanating from the lainj) /, may pass through the hole in the 
stage in nearly straight lines ; the same position of the instru- 
ment will sometimes answer for daylight, but it will be gene- 
rally found that, to get the brightest light, the compound 
body must be more depressed. If the lamp employed as the 
illuminator can be slid down so far, that the end of the burner 
nearly touches the table, or if a short piece of wax candle be 
used, the compound body may be inidincd at an angle the 
most easy for the observer to work at ; the inclination in all 
cases must, of course, depend upon the height of the illumin- 
ating body from the table on which the microscope is placed. 

Oblique Light , — For the perfect definition of the markings 
of certain animalcules of the genus Naviciila, very oblique 
light must be employed, which may be effected by placing the 
microscope in the inclined position, and taking away all the 
apparatus from the under surface of the stage, such as the 
diaphragm-plate, or achromatic condenser, and by turning the 
mirror so far on one side, that the rays of light may be thrown, 
as it were, obliquely across the object, and not perpendicularly 
through it. When the mirror cannot be turned very far away 
from the centre of the stage, the desired effect may be ob- 
tained by mounting the object iq)on something that will raise 
it some distance above the general level of the stage. Mr. 
Anthony /employed two of the boxes which contain the object- 
glasses for this purpose. 

Background Illumination , — The attention of microseoi>ists 
was first drawn to a method of illumination by the Ilev. J. 
B. Kcadc, in the year 1838, who called it by tin’s name. The 
method consists in illuminating the object by a very powerful 
light, placed at such an angle with the axis of the microscope; 
that none of the rays can enter it, except those which fall 
directly upon the object, and are so far bent as to pass through 
it into the compound body. For the better understanding 
of the mode of effecting this illimiination, fig. 123 has been 
drawn to give a gener.il idea how the microscoiie and the 
other a]q)aratus are to be placed for the puipose : a h re- 
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presents the stage of the microscope in an inclined position ; 
c a (condensing lens placed below and on one side of the 
stage ; d a lamp also placed below the stage and at some dis- 
tance from it; the rays of light r r r*' r' emanating from the lamp. 



Fig. 123. 


arc thrown obliquely upon the object c, and only those that 
are refracted by the glass, or by the object under examination, 
will \)ass through the compound body to the eye: some objects, 
when viewed in this way, will appear beautifully illuminated 
on a field of view that is nearly, if not quite, dark. This is a 
valuable method of illumination for some preparations, but 
not for others ; hence, in all newly investigated structures, it 
should be employed to see what effect it prodiuccs on them. 
It is also capable of being accomplished by daylight by elevat- 
ing the condenser c above the stage, and then allowing the 
rays from a white cloud, if possible, to pass through it ; but 
the effect is not quite so striking as when a lamp Is employed, 
unless the eyes be shielded by the hood or bonnet, described at 
page 147, from all the surrounding light. These different 
modes of illuminating transparent objects will be again alluded 
to in the chajiter devoted to test objects. 

13 * 
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CHAPTER HI. 

OPAQUE OBJECTS. 

Opaque objects may be illuminated iu, at le.'ist, two different 
ways ; either by light thrown upon them obliquely by a con- 
densing lens, or a side reflector, or else by the silvered ciq) or 
Liel)iirkuliii ; in the latter case, the rays fall ii 2 )on them more 
or less perpendicularly. In the first method, and when the 
object is large, we employ simply the condensing lens or 
biill’s-eye, as it is sometimes called, whicli has been fully 
described at pages 122-3-4. The illuminating body, which 
may be either a candle or an argand lamp, should be situated 
about a foot or eighteen incJies distant from the stage of the 
microscope, and the condensing Jens, with its convex side 
towards the lamp, placetl so near the v'^tage, that all the light 
falling on it may be brought into a focus upon the object. By 
turning the convex side of the lens towards the lamp, as 
shown in fig. 124, in which A B represents the stage, C the 



Fig. 124. 

glass plate supporting the object u, D E the condensing lens, 
L the lamp, and rr' r r' diverging rays of light falling upon 



OPAQUE OBJECTS. 


197 


the lens, D E ; these rays, as also those shown by fig. Ill, will 
l>e brought into a focus, F, when the lens is placed as there 
represented; but if the flat side occupy the same position, 
tlien, according to fig. 112, it will be in the worst possible 
condition, as its spherical aberration will be the gfcatest. 
Fig. 125 represents this arrangement, the same letters being 
used as in the preceding figure. Here it will be seen that the 



rays nearest the margin of the lens, D E, will be brought to 
a focus upon the object, a, but those nearer the centre will 
pass on to F, so that a will be only ilhuninated to* about one- 
half the extent of a in the preceding figure. When, however, 
it is required to procure either parallel or diverging rays, 
so as to illuminate a large surface, such as the mirror or 
side reflector, the lens must then be placed very near the 
lamp with its flat side towards the light, as shown in fig. 126, 
and, according to the distance of tlic one from the other, 
so will the rays cither be convergent, divergent, or even 
parallel. Should it be required to illuminate a large portion 
of an object for dissection, or fur other purposes, then we may 
have recourse to the following plan: the large coudenscr 
must be placed near to the lamp, so that diverging rays given 
off from it may be so converged as to fill the entire circle of 
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the small condenser, before described at j)age 123; this, gene- 
rally speaking, is a double convex lens of two or three inches 



Fig. 12(J. 


focus, either supported on a separate foot, or else attached 
to some immovable i)art of the stand of the microscope, and 
should be so jdaced that the rays of light from the large 
condenser may fall upon it. These rays being slightly con- 
vergent, and falling upon a plano-convex lens, will be ren- 
dered more convergent, and brought to a focus, F, upon the 
object, C, as seen in fig. 126, where L represents the lamp, 
1) E the large condenser, and A B the smaller. The small 
condenser answers uncoininonly well for daylight, for, in this 
case, the rays being parallel, they will be made to converge 
and he brought into focus upon the object. This mode of 
ilhnninating an opaque object appears to have been first 
contrived by Hooke, in 1675, for, in his Micro(jraphia, 
plate 1, the same arrangement is represented as the one 
above described, but, instead of a large condenser, a globe 
of glass full of water was used by him. 

The other mode of illuminating an opaque object by oblique 
light is that by the side reflector, the invention of Mr, Boss : 
it consists of a concave oblong silver cup, described at page 
127, whii h is attached to some immovable part of the stage or 
stand of the instrument, and is supplied with a sliding Jinn 
and a ball and socket joint for adjustment, so that it mjiy be 
used for an opaque object either placed on the stage, or held 
by the forceps ; the mode is as follows ; — 
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The condensing lens, being placed near to the flame of the 
lamp, must be aiTanged to throw parallel rays upon the rc- 
tlector, which ^lould l)e so adjusted as to condense tliem upon 
an object placed in its focus. The manner of doing this is 
shown by fig. 127, where A B represents the reflector, C a 



glass slide, 8npj)Osed to be on the stage plate of the microsco])e, 
with an object a upon it, L the lamp, tlie burner of which 
should be on a lower level than the reflector, and 1) E the 
condensing lens placed at a short distance from the flame of 
the lamp ; the diverging rays given off’ from it are rendered 
nearly parallel by the lens, and the live rays, r r, &c., falling on 
the reflector, become convergent as seen at /•', and, as such, 
meet in a focal point on the object, a. The reflefttor being 
attached to some immovable part of the microscope stand, and 
the lamp and condensing lens being also fixtures, it follows 
that the object, if large and flat, may be moved by the stage 
adjustments into any position that may be required, without 
the least alteration of the reflector; but, should the object 
have an uneven surface, the reflector may then be so turned 
on its ball and socket joint, as to suit every inequality the 
object may present. Mr. Jackson attaches the reflector to the 
compound body, so that the focal adjustment for obtaining 
distinct vision, at the same time adjusts the light, as in the 
Lieberkiihn. 

Lieberkuhn . — The mode of illuminating by perpendicular 
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light is effected l)y the Lieberkuhn, before described at 
page 127 : tliis consists, as there stated, of a concave silvered 
cup, adapted to a short tube that slides over the outer part of 
the setting of the object-glass with which it is intended to be 
used, and is so contrived tliat, when converging rays of light 
are tlu’own on it by the concave mirror, they will be brought 
to a focus on an object ])laced in the focus of the object-glass. 
All the object-glasses, from the two inch to the one-fourth, are 
provided with Lieberkuhns, but the one-eighth and onc-six- 
tecnith ap])roach so close to the object, that it would be useless 
to apply one to them. The old(‘r ini(‘ros(‘opes were sometimes 
fitted with only one Licberkiihn for all the magnifying powers, 
and this was made to slide u]) and down upon the end of the 
compound body, as described at page 22, so as to condense 
the light upon any object placed in the focus of cither of 
the magnifi(a’s, but it will be found far preferable to have a 
Jjit‘bcrlvulin adaptcnl to each object-glass: the old way was 
economical, but, as microscopes are now constructed, the plan 
cannot well be adopl(‘d. 

When it is re([uire(l to use a Lieberkuhn, the diaphragm 
plate should be removed from the under sui*face of the stage, 
and an object-glass, with its accompanying Lieberkuhn, 
having been sennved to the compound body, the object in- 
tended to be viewed juust either l)e pkna^d on the stagc-})late 
or held in the roree[)s ; the light must then be thrown upon 
the Licbetkuhii by the concave mirror, as shown in figs. 128 
and 129, where A represents the end of the compound body, 
15 the object-glass, C the Lieberkuhn ' in section, 1) the 
concavci miri’or, and E an object in the focus of the object- 
glass. The converging rays, ?•/•, &c., reflected from the mirror, 
will be condensed upon the object E, which, if perfectly flat, 
will be well exhibited, but if the surface be uneven, no part of 
it will be correctly defined, in consequence of there being no 
shadow-’. The method of illuminating then to be employed is 
shown by fig. 129, where it will be seen that the rays, r?*, &c., 
from the mirror, arc only thrown on one side of the Lieber- 
kuhn, C ; these arc reflected obliquely upon the object, E, and 
no part of it being illuminated perpendicularly, a shadow 
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Is therefore produced, and a correct figure obtained. If the 
object be a transparent one, it is necessary that some kind of 
dark ground be placed at the back of it, to prevent the central 



Fiir. 1*28, Fig. I2i>. 

rays of light from passing to the object-glass : this may be 
efiected by the cniployinent of one or other of‘ tlie dark stops 
or chambers, represented by fig. 130, wliich shoiild'bc brought 
into the axis of the iiistriimont, so as to cut off all tlu* rays 
that otluu'wise would pass to the object-glass, and so inter- 
fere with the d(?finition, as it is highly necessary that no rays 
should j)ass to the magnifier, save those from the object itself. 
'Fhese stops arc nia<lc of diflerent sizes for the different 
magnifying powers ; the lower the power the larger the stop 
re([uired. When the stops are not fitted to a microscope, 
their place may be su]iplicd hy a disc of black paper laid 
behind the object; or if the preparations be mounted cither 
on discs of cork or in cells, as hereafter to be described, the 
use of the dark stop may be dispensed with. JMany persons 
prefer mounting their opaque objects on papers of diffen ut 
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Fig. 


130 . 


colours, such as green, red, and even white ; but it will be 
found by far the best plan to use a dead black, as then there 
is no danger of the definition being interfered 
with by light reflected from other parts than 
from the object itself. When the subject of 
investigation is in fluid, and of a white colour, 
a portion of black paper may be placed be- 
neath it, to form a background ; if the paper 
be made with lampblack, there is no fear of 
the colouring matter coming off; or even a 
piece of glass which has been blackened on 
one side with sealing-wax, dissolved in S 2 )irits 
of wine, will fonu an excellent background, 
and such a thing should be always at hand, 
it will often be found convenient, and will 
answer the purpose of the black circular disc 
with which all the old microscopes were sup- 
plied. The metJiod of using tlio dark stops 
is shown in fig. 131, where n represents the 
end of the compound body, h the 
object-glass, c the Lieberkuhn, e the 
dark stop, which is to be jdaced in 
the hole of a small arm, that is capa- 
ble of being turned under the stage 
after the diajdiragm has been re- 
moved, f a pair of forceps, in which 
is held the object, d. Tlic rays re- 
flected in nearly i)arallel lines from 
the mirror are by the Lieberkuhn 
concentrated on the object, and those 
which are near the centre are pre- 
vented fi’om passing into the object- 
glass by the dark stop, e: it little matters how small the 
object is, or whether it be transparent or not, as the dark 
stop will entirely prevent any light passing either through or 
around it. 

When the side-reflector and the Lieberkuhn arc compared 
together, it will be seen that, with the latter, all opaque 
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objects must be under a certain size, otlierwise no light will 
pass around them to reach the Lieberkuhn; but, with the 
former, it matters not how large they may be, as the light is 
tlirown down obliquely upon them, in the same manner as if 
the condensing lens Averc employed. As a general rule it 
may be stated, that the side-reflector is most useful with 
powers up to the half-inch, the Lieberkuhn with the higher. 

It must be borne in mind that tliose objects in which rich 
tints of colour prevail, or others whose surfaces in any way 
decompose the light, must be mounted in such a manner, that 
they may be turned in every possible direction, in order that 
the rays of light may fall on tliem at very oblique angles ; a 
disc of card or cork, Avith a pin throiigli it, Avill be the best 
plan to adopt, as then they may be inclined at any angle, 
either by turning the pin or shifting the forceps in wliich the 
pin is held. The mounting on flat slips of glass, as shown in 
figs. 124-5-6, cannot be advantageously employed with such 
objects. 

Condensers or Illuminators of Recent Construction , — The 
tAvo following Condensers or Illuminators, like that of Mr. 
Wenham, before described in page 116, are for the purpose 
of illuminating objects by oblique light, equal on all sides, so 
that no shadoAv is produced ; Avhilst in the prism of Nachet, 
described in page 120, one side only is illuminated. Tliis 
latter plan, hoAvever, had been already to a certain extent 
accomplished in two ways, by turning the mirror very far to 
one side, and by the background illumination of the Kev. 
J. Ji. llcadc, described in page 194. 

Noherfs Illuminator, — This, as shown by fig. 132, consists 
of a thick plano-convex lens, A B, in the centre of the convex 
surface of Avhlch a deep concavity is made: Avlicn in use, 
the cell in Avhich the lens is contained is fitted to the 
framework of the achromatic condenser,, the plane surface 
being turned toAvards the object All tlui rays, h 5, Avhich fall 
upon the concave face are dispersed in the manner shoAvn 
by /y 5', Avhilst those, a «, a a, falling on the convex surface 
arc brought into a focus at C. By this arrangement a 
hollow cone of light is obtained, the concave surface being 
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equivalent to a dark spot or disc placed 
i upon the convex face, and it suggested 

/j \ to Mr. Thomas Koss the idea of cmploy- 

/ \\\ ing a very thick or nearly spherical 

/ j \\\ / lens, or a globe of glass fvdl of water, 

y // \\ /\ termed a candle cracker, and stopping 

/ yV \ V\ central rays by means of discs 

^ ^ \ \ blackened on one side, and 

In 1 cemented to two opposite surfaces, 

i i i j i ^ Mr. Topping has since earned out Mr. 

I i I I Tlioinas lioss’s plan and employed both 

\a a \ 'f>i\ \ a a a caudlc cmcker and an artificial white 
‘ 1 ! 1 same purpose, 

Fiff. 1.T2. I^cth of which answer exceedingly well : 

a stage fitted with one or more of these 
illuminators, for object-glasses of different focal lengths, is 
supjdied by Mr. Topping. 

Amides Jlluminator. — This illuminator may cither be adapted 
beneath the stage of the microscope by means of a jointed arm, 
or be mounted on a separate stand in the manner shown by 
fig. 133, a plan adopted by M. Nachet, for which the author is 
indebted to Mr. Warren T)c la line. The foot is of brass, of 


Fiff. 1.T2. 



the shape represented by A : with this arc connected three thin 
jointed rods, B, C, 1), the illuminator, E, being readily turned 
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on the last one, D, by means of the lever, F. The illuminator 
itself consists of a portion of a large thick lens, such as that 
represented by G, as being cut off from II. In order to 
explain its action the course of three rays of light, a h c, is 
represented : these rays, on reaching the first surfiice, are ren- 
dered slightly convergent ; on meeting with the plane surface 
tlicy are reflected at right angles, as indicated by a! 11 c'; and on 
passing through the convex surface G they are converged into 
a focus at L When in use the illuminator is placed imme- 
diately below the stage, and the light incident on one convex 
surface is converged on the object by the other, and by 
turning the handle, F, various degrees of obliquity may be 
obtained; it may also be employed as a substitute for the 
bull’s eye condenser to illuminate opaque objects on the stage : 
in this case the jiosition of the reflecting surfaces must be the 
reverse of that indicated in the figure — in other words, the 
plane surface must be uppermost. 

Annular Condenser. — In order to take advantage of the 
reflection from the internal surface of glass Mr. Shadbolt has 
contrived the instrument represented by fig. 134, which he 
terms the annular condenser ; it consists of an annular prism 



or ring of glass, which, if divided vertically, would be repre- 
sented by a in No. 1, fig. 134, the two upper planes being 
inclined towards each other according to the obliquity of the 
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light requirod ; the pLmes are about of an inch in width. 
The condenser is set in a frame of brass as shown in perspective 
in No. 2, or in section in No. 3, and is applied to the brass work 
of the oi'diniiry achromatic condenser, the central part, c, being 
stopped up with black wax or other dark substance. When 
rays of light pass through the under part of the ring and 
impinge on the surface, 6, they are reflected from that surface 
and are transmitted through that of a uj)on any object placed 
iq)on the stage, the angle being dependent upon the inclination 
of the surface, i, so that the rays fall at the same angle and in 
every azimuth of the circle. 

The above was the form of condenser first recommended by 
Mr. Shadbolt; he has, however, recently effected a very 
material improvement in its construction, whereby its illumin- 
ating powers are greatly increased. In the former instrument 
all three surfaces were rectilinear; but in the present form 
the reflecting and emergent surfaces are curves, the outer one 
being a close ai)proximation to a parabola. This new illumin- 
ator is represented of the size for a low j^ower in fig. 134 : a is 
the outer ptarabolic surface ; the brass-setting ; e, the dark 
spot in the centre of the concavity, d. As thus constructed, 
this new instrument somewhat resembles a cast in glass of the 
interior of the illuminator of Mr. Wcnham, but Is more easy 
to use. Wenharn’s, however, is capable of being employed 
with most of the object-glasses as high as the |^, from having 
an adjustable stop in the centre; but Mr. Shadbolt’s requires 
a distinct illuminator for each object-glass. There are some 
objects that arc beautifully seen by this illuminator as well as 
by that of Mr. Wenham: these, however, will be particularly 
pointed out in the classified lists. 

M)\ Gillett\^ Condenser . — This very valuable instrument, 
contrived by Mr. Gillett, is constructed by Mr. lioss; it is 
represented of the full size in fig. 135, and consists of an 
achromatic combination. A, about equal in power to 5 of an 
inch, and having an angular aperture of 80®, beneath which 
a conical diaphragm, B, provided with 22 apertures of dif- 
ferent sizes is fixed, and each aperture In succession becomes 
the limiting aperture of the illuminating combination, A. 
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The bar, C, forms the centre upon which the diaphragm 
turns; it is provided with a spring and catch, the latter of 
which not only sliows when an aperture is in Its right place, 
but also indicates the number of the same. The condenser 
fits upon a square bar attjiched to the under surface of the 
stage by the screw 1) ; it can be moved up and down and be 
made to traverse from side to side by the screw E. Beneath 
the cone of diaphragms are two milled heads, F G; the one 
at F is for the j^urposc of adjusting the front combination 
for thickness of glass upon Avhich the object is placed, and 
that at G for clamping the entire condenser to the parts 
concerned in its adjustment. 



Fig. 135. 

♦ 

This instrument requires some considerable practice to 
bring out its powers, and at night is employed with a cam- 
phinc lamp and reflector of peculiar construction; a more 
detailed description of it will tlw'refore be given in the chapter 
on test objects. 
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Before leaving the subject of the illumination of micro- 
scopic objects, it may be as well here to lay clown certain 
rules, Avhicjli, for the accurate display of minute structures, 
should be fully carried out. Sir David Brewster,* the greatest 
living authority in these matters, has insisted on the follow- 
ing; some of these, with a few alterations suitable to our 
modern microscopes, we will adopt : — 

1. The eye sliould be protected from all extraneous light, 
except that wliicli is transmitted through or reflected from the 
object. 

2. Delicate micu’oscopical observations should not be made 
when the fluid which lubricates the cornea of the observer’s 
eye happens to be in a viscid state, which is frequently 
the case. 

3. The figure of the cornea will be least injured by the 
lubricating fluid, cither by collecting over any part of the 
<*ornca, or moving over it, when the obsci'vcr is lying on his 
back or standing vertically. When looking downwards, as 
into the compound microscope arranged vertically, the fluid 
has a tendency to flow towards the pupil, and injure the dis- 
tinctness of the vision. 

4. If the microscopic object is longitudinal like a fine hair, 
or consists of longitudinal stripes, the direction of the lines or 
stripes sliould be towaixls the observer’s body, in order that 
their form may be the least injured by the descent of the 
lubricatin*^ fluid over the cornea. 

5. The field of view should be contracted, so as to exclude 
every part of the object, excepting that which is under imme- 
diate examination. 

6. The light which is employed for the purpose of illumin- 
ating the object should have as small a diameter as possible. 
In the day time it should be a single hole in the window 
shutter of a darkened room, and at night it should be an 
aperture placed before an argand lamp. To effect this last 
desirable object, cither the diaphragm represented by fig. 63, 
or the chimney shade described at page 153, may be 
employed. 


* Treatise on the Microscope, p. 138. 
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CHAPTER 

MTCUOMETEIl. 

One of the most valuable adjuncts to a good microscope is 
an instrument termed the micrometer^ wliicli, as its name 
implies, is for the purpose of ascertiiining the measurement of 
small objects; for not only is it highly desirable in micro- 
sco])ical investigations to have a means of estimating the exact 
size of any object under examination, but in the present 
advanced state of science, accurate measurements oftentimes 
form the most valuable points of distinction, and from the ear- 
liest period of microscopical science, the want of some common 
standard for comparison has been greatly felt. Leeuwenhoek 
selected minute grains of sand, as nearly alike as ])ossible, and 
arranging them in a line, counted tlie number wliieh occujned 
tlic space of an inch: by comparing the subjects of his examina- 
tion with these, he was enabled to form a rough estimate of 
llieir bulk. More modem microscojiists have employed for 
the same purpose the sporules of the Lycoperdon bovista, or 
imff-halL These, which are said to be so small as the 
[)art of an inch, will only answer for the most minute stractures, 
but for those that arc larger, the sporules of the Lycoiiodium 
may be used, their mean diameter being about ^ J jy of an inch. 
Dr. Jurin* introduced into the field of view small pieces of 
silver or brass wire, the diameter of which he had previously 
ascertained by coiling It round a cylinder, and observing how 
many breadths of the wire were contained in a given number of 
inches, or parts of an inch. Other substances, whose dimen- 
sions have previously been made known, such as hair, silk, 
and human blood, have all been suggested as applicable to the 
same purpose. As long ago as 1750,t Martin Folkcs, then 

* Physico Mathematical Dissertations, p. 45. 

t Baker — On the Microscope, vol. Vu, p. 426. 


14 
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rrosident of the Koyal Society, described a plan of Cuff’s, ox 
placing a lattice of fine silver, or other wires, in the focus of 
the eye-glass of the compound body, the individual wires being 
distant fi’om each other 3^^ of an inch, these were crossed at 
right angles by others at the same distance a})art, and so 
contrived as to divide the w'hole ai'ca of the field of view into 
s([uarcs, whose sides were just of an inch in length, and 
as the image ol any object under examination is formed where 
the micrometer is placed, it follows that such image may be 
readily measured : this appears to have been the first applica- 
tion of a scale to a magnified image. 

Benjamin Martin also, about the same time,*** contrived a 
micrometer for his compound microscopes: this consisted ol‘ 
a screw having fifty threads in the incli, and made to revolve 
in the focus of the eye-glass; one end of the s(.*rew was 
pointed, and the other was provided with a hand, or index, 
w'liich could be turned upon a dial, like that of a watch, 
whose circumference was divided into twenty parts, tlu^ 
value of each division therefore Avas -xoVe inch. The 
object to be measured was placed on the stage in the usual 
manner, and was so adjusted that the image of one of its sides 
should be, as it were, applied to the ])oint of the screw when 
the hand of the index Avas at zero ; the number of rcA- olutions 
and parts of the same that may be made during the passage 
of the i)oint of the screw to the opposite side of the objirct 
Avould give its dimensions. 

The elder Adams employed an instnimeiit of the same 
kind, Avhieh Avas clamped by a screAv to the outside of the 
comj)ound body, and a needle, acted on by a screw Avith fifty 
threads to the inch, w'as passed through a small hole in the 
side of the body, so as to be in the focus of the eye-glass ; 
the A^alue of each turn of the screAV was known by an index, 
Avhlch pointed to a scries of divisions on a circular plate fixed 
at right angles to the axis of the scrcAV. To ascertain Avith 
ease a small })art of an inch, a sectoi’al scale was contrived ; 
this consisted of two lines, Avhich formed Avith eacli other an 


Microgrnphia Nora^ p. 10. 
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isoricclos triangle, each of whose si<les was two inches long 
and the base oiie-tcntli of an inch; one side was dividend into 
ton j)arts5 and tlic transverse incasnre was such a j)art of tlic 
tenth of an inch as was expressed by the divisions, so that 
the transverse incasnre of the first division would be tlic 
ten til part of a tenth of an inch, or in other Avords, tlie 
If tlic divisions were twenty in niiinber, then the value of the 
same measure would ho of an inch. Adams also con- 
trived a micrometer for ])lacing on the stage; it consisted of 
a few small silver wires, in tlui form of a lattice, the distance 
of one from the other being exactly ccpial to that of the 
diameter of the Avirc itself; the lalticc Avas jilaccd lictweon 
two ])ioccs of mica, and the object was placed njioii the mica, 
and both it and the lattice were magnifu'd equally. Various 
other contrivances have been bad re(*ourse to for effecting the 
same object, but they may all bo classed under hvo heads : — 
first, those micrometers tliat are ajiplied to tlie magnified 
image of an ol)je(!t, and second, those tliat are magnified 
at the same time as tlie object itself. It Avoidd, howi^vor, lie 
nsi.'less to enter further in detail into the subject, as only a, few 
ot' the old forms arc noAV ado])ted, these being tluj stage iniero- 
nicter, consisting of a number of lines ai^curatoly ruled on 
glass, metal, n-ory, or inotlicr-of-pcarl, after the jilau of those of 
the late !Mr. Coventry, and the cobAveb micrometer eye-piece 
of Kamsden: the divided object-glass micrometer, and many 
others cfpially good, liciiig now but rai-ely employed with 
llic achromatic compound microscope, The micrometers in 
general use at the present day arc of three kinds, and may lie 
tiesignated as follows: — first, the stage micrometer, second, 
the micrometer eyc-picce, and third, the cobweb or Avirc 
micrometer. The first, or stage micj*ometer, is placed iu 
immediate contact with tlic object, anil both it and the object 
arc magnified together; whereas the last two are ajiplied to 
the magnified image of the object, which in practice has been 
found the most available plan, 

Sta^e Micrometer , — This instrument, invented by the late 
^'Ir. Coventry, consists of a piece or vslip of glass, metal, ivory, 
or mother-of-pearl, ruled with fine lines, by means of* a diamond 
14 * 
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point, at some known distance apart, say from -f J or 
an inch, as shown by lig. lilO : on this the object is placed, and it 




Fia. i:w. 


is necessary that both it and the lines be se(!n at one and the 
same time : the number of linos which the object occupies 
will ffive the cxiiet measurement. This method, however, is 
very inconvenient and can only be cflc.cted with a single 
lens, or with a compound microscope of low power, for 
with higher powers the focal point is so precise, that the 
])lane in which obj(icts can be distinctly defined is almost a 
mathematical one, and the linos and the object, therefore, 
cannot bo in focus, or be distinctly scon together ; besides, ii' 
the object be immersed in a fluid, the lines will become indis- 
tinct horn being filled with it, and thus the operation ol‘ 
measuring will be rendered almost, if not quite, imprac- 
ticable. It is also iiiap])licable to opaque objects of any thick- 
ness, and even to transjiarcnt ones after they arc mounted, 
l)ut is of great use for other purposes, and will be again 
alluded to. 

Kijit-pkcc Micrometer , — This consists of an cye-pleec, having a 
divided glass placed in its focus: if the positive eye-piece be used, 
the divided glass is placed below the field-lens ; but if the nega- 
tive, then the point selected is between the two Icifses, The 
positive cyc-piece is the invention of liamsden, and has been 

before alluded to in pages 73 
and 176. Mr. lioss, who 
employs it for his microme- 
ters, adopts the form re- 
presented by figs. 137 and 
138. Fig. 137 exhibits the 
external appearance, and fig. 
f'ig. 187. Fig. 138. 138 a section of the same* 
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it consists of two tubes, sliding one witliin tlic other; the 
external one has the divided glass screwed into its lower end, 
and the internal earrievS the two lenses, as shown in fig. 

WHien this figure is compared with fig. 101, it will be seen 
that the field-lens is revcrscnl ; that is, its convex surface is 
towards the eye. The divided glasses are shown by fig. 139; 

the lines ruled on them 
may vary from the to 
the of an ineli apart; 
they arc set in brass c^ells, 
by which they may be 
... screwed into the lower end 

ot the outer tube, so as to 
be in the focus of the eye-glass. The value of the squares, 
..with the different eye-pieces, is obtained by a stage micro- 
meter. Mr. lloss now employs only one divided glass, and 
tlie values of the s(piares, with the different object-ghj=*sos, 
having lieen determined, arc set down in a Oibular form. 
Mr. Powell and Mr. Smith, following Mr. Tulley, place the 
mi(U’ometcr in the negative cye-piece in the situation of the 
sto]). Each of these plans has its jiecmliar advantages. The 
[)()sitlve eye-piece gives the best view of the micrometer, the 
ii(‘gativc of the object. TJic former is quite free from distor- 
iion, even to the edges of the field, but the olijcct is slightly 
coloured. The latter is free Irom colour, but is sliglitly dis- 
torted at the edges; in tlic centre ol‘ the field, ho weaver, to 
tlie extent of half its diameter, there is no perceptible distor- 
tion, and^thc clearness of the definition gives a precision to 
the measurement which is very satisfactory. The plan now 


gtaicrally adopted is that which was first recommcndi'd by 
Mr. (xeorge Jackson, in a. jiapcr read belbre the Microscopical 
Society, iii 1840; since that time, be has improved upon the 
method of mounting the divided glass, and has furnished to 
tlie society a more lengthened M»inmunlcation, from which, by 
bis permission, I have taken my deseription. 

Short bold lines are ruled on a. piece of glass; and, to 


facilitate counting, the fifth is drawn longer, and the tenth 
still longer, as in the common laile. Very finely levigated 
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plumbago is rubl) 0 (l into the lines to render them visible and 
they are covered with a piece of thin glass, cemented 1.>y 



Fiff. 140. 


(Canada balsam, to secure the plumbago from being wiped out. 
Hie slip of glass thus prepared is placed in a thin brass frame, 
as shown in fig. 140, so that it may slide freely, and is acted 



Vvr, 141. Fijr. 142. 


on at oiK? Qud liy a pnshing screw, and at the other by a slight 
spring. Slits are cut in the negative eye-piece on each side, as 
sliown in figs. 141 and 142, so that the brass frame, nt, may be 
passed across the field in the focus of the eye-glass, the cell 
of which should have a longer screw than usual, to admit of 
adjustment Jbr diffennit eyes. The brass frame is retained in 
its place by a spring within the tube of the eye-piece. When 
the frame is not employed, an inner piece of tube, a, may be 
drawn across the slits so as to prevent dust from getting 
between the glasses. The method of using this micrometer 
is as follows : — the object is brought to the centre of the field 
1)^ the stage movement, and the coincidence between one side 
of it and one of the long lines is made with great accuracy, 
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by means of the small pushing screw that moves the slip of 
glass ; the divisions are then read off as easily as the inches 
and tenths on a common mlc. The operation, indeed, is 
nothing more than laying a rule across the body to be 
measured ; and It matters not whether the object be trans- 
parent or opaque, mounted or not mounted, if its edges can 
be distinctly seen, its diameter can be taken. Previously, 
however, to using the micrometer, the value of the divisions 
should be ascertained with each object-glass, the mode of 
doing wliich will be subsequently explained more fully. 



Fiff. 143. 



Fig. 144. 
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The cobweb micrometer, the invention of Ramsden, i« 
represented by fig. 143; it is composed of a positive eye- 
piece (fig. 138), in the focus of which two very fine parallel 
wires, or cobwebs, are stretched across the field ; one of these 
Avires can be separated from the other by a screw, commonly 
provided with a hundred threads to the inch, and the head of 
of which, as shown by fig. 143, is also divided into a hundred 
[)arts. The field of view, which is represented by fig. 144, is 
made flat on its lower border, by means of a comb, made of 
a thin piece of brass, Avhose edge is indented with notches, 
made by the threads of the same screw; every fifth notch is 
longer than the others, to facilitate counting, and each notch 
coiTcsponds to one turn of the milled head, so that the num- 
ber of turns can be read off in the field of the instrument, and 
the fraction of a turn on the divided head. 

Thus, by this simple contrivance, the distance of the Avires 
can be ascertained to the hundredth of the turn of the screw, 
and, as it has been stated that the screw has a hundred 
threads to the inch, it follows that the magnified image of an 
object may be measured to the ten-thousandth of an inch ; 
but with an object-glass of one-eighth of an inch focus, the 
image Avill at least be magnified eighty times, Avithout tlic 
poAVor of the eyc-piocc ; it folloAvs, therefore, that a ([uantity 
as small as the ciglit-hundrcd-thousandth of an inch should be 
appreciable by such an instinimcnt, but in practice this has 
been ibund iin])ossibIe, as no achromatic poAver has yet been 
made, capable of separating lines that arc idoser together than 
the one seveiity-fivc-thousandth of an inch. This micrometer, 
when Avcll made, is rather expensiAT, and requires some con- 
siderable care in using ; and as its accuracy depends entirely 
on that of the glass micrometer used in finding the value of its 
divisi(ms, the measurements made by it arc by no means so 
delicate as they appear to be. 
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ox THE MEASUREMENT OF MICROSCOPIC OIUECTS. 

First , — JVitfi the Stage Micrometer , — To effect this it is 
necessary to be provided with a strip of glass, iiiothcr-of- 
[)earl, or ivory, on which lines are accurately ruled at a 
certain fraction of an inch apart, say from the to the 
of an inch, as was done by the late Mr. Coventry and 
Sir John Barton. The most convenient form of micrometer, 
I'or all purposcvS, will be one divided into hundreds, and one oi‘ 
these divisions into ten })arts, or thousands. Tliose of glass 
arc the best for transparent objects, and the mothcr-ol-pcn'i'^ 
or ivory, for opaques; and, to make the lines more evident, 
iiiKily levigated blacklcad should be rubbed in to fill them up. 
The object to be measured is to be laid on the glass, or 
mother-of-pearl, and both it and the lines must be viewed at 
one and the same time, Avith the lowest power that can con- 
veniently be used; the number of the divisions occupied by 
tlui object will give the measurement rciiuircd. Example : — 
Thus, suppose an object occupied ten of the large divisions, 
its linear measurement would then be which if reduced 
to its loAvest terras, Avould be the of an inch ; if fifty, then 
it Avould measure half an inch, if fifteen divisions, then it 
woidd be or nearly ^ of an inch. It follows, thcrelbre, 
that an object to be measured in this way must by very thin 
and the power low, in order that it and the lines may be in 
focus at the same time. This micrometer answers better for 
the simple microscope than tor t\\e compound achromatic 
instrument, as in the latter the focus evcni of a low j)OAver 
object-glass is so exact, that but very few objcids are thin 
enough to bo seen at the same time as the lines. Most of the 
objects requiring measurement are those which must of 
necessity be examined in fluid; this will nmder the lines 
on the glass micrometer all but invisible, unless they arc 
very boldly ruled and filled up with some opaque matter, 
Mr. Pritchard supplies with his microscopes animalcule cages, 
on the uj)per surfa(*e of tlie bott<nn glass of Avhich, lines are 
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ruled from the to the of an inch apart; these can 
hardly be seen when tlie fluid containing animalcules is 
present, altliough they arc very coarsely ruled, and, with 
objects of any thickness, all measurements arc incorrect, in 
consilience of the mys of light from the object and tlie 
micrometer not being given oft* at the same angle; so that 
tlie object is referred to a point of the micrometer larger than 
it really is. 

SecomL — By the Micrometer Eyc’^piece, — In the description 
of this instrument, given previously in pp. 212-3, it was stated 
to consist of an cyc-piccc in the focus of which a piece of 
glass, having short bold lines ruled upon its upper surface, 
was placed generally ^ 0-0 apart, with every fifth 

longer, and every tenth longer still, to facilitate counting ; 
but it is not necessary that the number of lines in an inch be 
known, as long as they arc equidistant ; and let us take, in 
the first place, the negative eye-piece, as supplied with Mr. 
Powell or Mr. Smith’s microscopes. 

To Jind the Value of the Lines in the Negative Eye-piece 
Alicrometer . — The micrometer set in its brass frame, as seen 
in fig. 140, is passed so far through the slits in the eye-piece, 
as that the lines may be seen to occupy the centre of the 
field of view, and to be in the focus of the eye-glass. The eye- 
[)iece having been placed in the end of the compound body, 
as far as it will go, the next step is to determine the value of 
the divisions of this eye-piece micrometer with each of the 
object-glasses. This is done by laying on the stage of the 
microscope a glass micrometer, divided, say into and tqVo 
of an inch, and the lowest object-glass being screwed to the 
compound body, the lines on the stage micrometer arc to be 
brought into focus; and cither the eye-piece or the stage 
micrometer having been so turned as to bring the lines in 
both micrometers parallel, we must then observe how far the 
lines in each coincide, whether every third, fourth, fifth, and 
so on ; and, for the sake of simplicity, let us suppose the one- 
inch object-glass to be employed, and it having been noticed 
that every division of a hundredth of an inch in the stage 
micrometer coincides Avith ten in tliat of the eye-piece, it 
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follows that the divisions or lines, in the eye-piece micro- 
meter, were i of an inch apart; the stage micrometer may 
now be removed, and every object viewed with the micro- 
meter eye-piece and the one-inch object-glass can be measured 
to the of an inch. Should, therefore, one of the of 
tlic cye-j)icce micrometer be divided into four parts, then every 
one of these divisions would be the 4 Again, if with an- 
other power it was found that hieh on the stage 

micirometer coincided with ten of the spaces of the eye-piece 
microincter, then the value of each of the eye-piece micro- 
meter divisions would be the an inch. It will be 

Ibiind in [)ractice, when high numbers are being observed, that 
tlie stage movements are rather too coarse to bring the lines 
in the two micrometers accurately over each other; the small 
screw at the end of the brass, as shown in fig. 140, must then 
1)0 employed. Wo have hitherto spoken only of the numbers 
in the eye-piece micrometer coming out even, but such is 
rarely the case ; the chances are, that there will be a very 
jniiuitc variation between any two or more of both sets of 
liiu's. If it be not a matter of much moment to determine the 
value of the divisons accurately, and if no two lines coincide, 
the mean of a number of observations may be taken as an 
approximation to the truth ; but by far the most desirable way 
(o remedy the evil is to employ the draw-tube, belbrc described 
at. |)agc G9 ; this, which must be graduated on one side, as 
sliown in fig. 42, into inches and tenths, may be pidjcd out so 
as to make some of the lines in each micrometer agree. 

"fhe value of the divisions in the eye-piece micrometer 
should be found with all the object-glasses, and be put down 
in a tabular form, as follows; and, if the instrument be pro- 
vided with a draw-tube, the table should include the extent 
to which it ought to be drawn out, in order to make the 
Naliie of the micrometer divisions even numbers : — 
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Object -"Ijiss. 

1 

Druw-lube. | 

i 

Value of sniiill Divi- 
sions in Farts of 
an Inch. 

1 Inch. 

. 

1 Inch. 

1,000 of an Inch. 

1 

'5 95 

close. 

2,500 „ 

1 

4 « 

1 Inch. 

5,000 

1 

H 55 

"j’d 99 

10,000 


It should bo borne in mind that, when it is rc(iulred to 
ascertain the value of the divisions in the eye-piece micro- 
meter with the highest powers, the division into hundreds 
of the stage micrometer will occupy too much of the field of* 
view: some smaller j^arts of an inch, such as the two-hundredth 
or five-hundredth, sliould then be used, and the number of tlu; 
divisions corresjKmding to that quantity be imdtiplicd by two 
hundred or five hundred, as the case may be. 

To find the Value of the Dhnshns in the Positive Kjje-picee 
^fieromeiel \ — This instrument, before described at page 212, is 
used in the same juaimcr as the above-mentioned. JVlr. Koss, 
who always adopts this form in preference to the negative, 
does not employ the draw-tube with his microscopes. The 
micrometers, as shown in fig. 139, are ruled in s([uares, and 
<»ne or more of them, of different degrees of minuteness in 
their ruling, may be cm[)loyed; but it has been found in 
practice that divisions ruled about of an inch apart will 
>iiit nearly all the powers. The method of finding the value 
oi* the divisions, with each of the object-glasses, is performed 
by means of a stage micrometer, in the manner previously 
ilcscribed. The positive eyc-piece gives a much bettor view 
of the micrometer than the negative one, but the definition 
of an object to be mcasure<l is not rpiite so good. Mr. Koss 
generally rules his micrometers in squares, but Mr. Jackson 
prefers lines, on account of the greater facility afforded foi* 
counting. As with the negative eye-piece micrometer, so with 
this, it becomes necessary to jmt down in a tabular form the 
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vjiliic of the sides of the squares, Avith the different object- 
glasses. The plan adopted by Mr. Koss is here shown. Hio 
upper line indicating the value of the divisions in frac- 
tious of an inch, the lower line the same value in a decimal 
notation. 
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glass, with the 
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various Object- 
glasses. 

•0025 

1 ' 

•001031 

•000526 

•0002325 

•0001111 ' 

i 1 


To find, the Value of each Retwlntion of the Screir, or parts 
of a. Remlutioji of the samcy in the Cobweb JMicrometei \ — When 
about to be used, the cylindrical portion containing the eyo 
and field lens is to be placed in the end of the compound 
body, in the same manner as an ordinary eye-piece, and a 
mic.rometer divided into hundreds and thousands, as employed 
with the other instruments, phiced on the stages, and its lines 
brought into the focus of the object-glass. The graduated 
head of the micrometer being set at zero, and the cobwebs 
(ixa(;tly coinciding with each other, the milled head is now to 
be turned, and notice taken, how many revolutions or })art 8 
of a revolution have been made when the cobwebs j,rc opened 
sufficiently wide, to cover a certain number of the divisions of 
the image of the stage micrometer. It having ])een])rcviously 
stated, that the screw employed to separate the cobAvebs is 
provided with a graduated circle divided into a hundred parts ; 
should it be found that five revolutions of the screAv cause the 
cobAvebs to open, so as to cover ten divisions in that part of the 
stage microinetcr divided into thousands, it follows that one 
revolution of the scrcAV Avoiild be equal to the 3 Jq- of an inch, 
and one division of the graduated head Avould be tJo of jio 
or s'oh)Tiis of an inch. The comb at the bottom of the field of 
vicAv, as sliown by fig. 144, will indicate the number of the 
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revolutions, as the tcctli commence from the fixed cobweb. 
In those microscopes provided with a draw-tube, the divisions 
may always be brought out even numbers, but such will not 
be the case witli all the object-glasses in a microscope not so 
provided, and the determination of the value of each revolution 
will then become a rather more complicated matter, as will 
prcvseiitly be shown. The value of each revolution of the 
screw, with the difierent object-glasses, should be set down in 
a tabular form, as was shown in the case of the eye-piece 
inicrometcrs. 

Directions for the Use of the Eye-piece Aficronieter , — If there 
be a draw-tube to the compound body, it should be adjusted 
accoi'ding to the table shown at page 220, the object having 
been brought into the centre of the field, and the micrometer 
properly adjusted, so that the horizontal line be in the direc- 
tion of the diameter to be measured, licad the measimuiKiiit 
in the small divisions, and suppose that, with the half-inch 
object-gljiss, an object occupies seventeen of these; and it 
having been shown by the table at pnge 200, that the value of 
each division of the eye-piece micrometer, with the half-inch 
object-glass, was the of an inch, this number, or rather, 
the denominator, must therefore be divided by seventeen, 
and the result will be the of an inch, or the diameter 
required to be found; or, shouhlitbe prefinred to set down the 
diameter in decimals, then, by adding ciphers to the seventeen, 
and making it the dividend, and 2,500 the divisor, it may be 
shown that the diameter is .00G8. The pOvsitive eye-piece 
micrometer su])plied by Mr. Koss is used precisely in the same 
way as the above-mentioned instrument ; but, there being no 
draw-tube, the value of the numbers of the glass micrometer 
cannot be tdtered in any way from those mentioned in the 
table. The squares must be counted as the straight lines arc 
in ^Ir. •lackson’s fonn, and the dimensions of any objec't 
ascertained precisely in the same manner as before described, 
viz., by tlividing the value of each square, as given in the 
table, by the number of squares occupied by the object ; or, 
if the decimal notation be preferred, by adding ciphers to the 
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number of the squares, and dividing it by the value of one 
square, and the quotient will be the dimensions required. 

To Use the Cobweb Micrometer , — Before an object is mea- 
sured, it must be brought to the middle of the field, and, 
after the table has been consulted, which shows the value ol* 
each revolution of the screw, and of each division of the 
wheel affixed to it, the cobwebs must be exainiucd, in order 
to sec whether they both accurately coincide when tlie zero 
point of the graduated wheel is opposite the index. The 
screw being now turned, until the image of the object is, as it 
were, enclosed between the cobwebs, the number of turns 
and parts of a turn are Imth shown by the indices ; the former 
by the comb at the lower part of the field ofvicw, the latter by 
the division opposite to which the index points. It must, how- 
ever, be borne in mind, that both with this micrometer and 
with those of ruled glass several measurements of the same 
object ought to be made; and if there should be any differ v nee 
between them, the mean of the two extremes should be taken 
as the correct one. The measiucments made with the cobweb 
micrometer are said to excel those of all the other forms of 
instruments; and that, with an object-glass of one-eighth of an 
inch focus, even a quantity as small as the eight-liiind red- 
thousandth of an Inch can be appreciated. This is, at least, ten 
times as delicate as is required; for JMr, Boss, in his experi- 
ments, preliminary to the constructing of his beautiful divid- 
ing-engine, found that, with the highest magnitying powei-s, it 
Avas impossible to ascertain the position of a line nearer than 
to the eighty-thousandth of an inch. 

Measurements of an Object made btj means of a Star/e ilZ/Vve- 
meter and a Camera Lucida,—Yox this very valuable plan, we 
arc indebted to Mr. Liister. By means of the camera lucAda, 
a sketch of the object is first made; the microscope being 
fixed in the horizontal position, the object is then removed 
and a stage micrometer placed in the focus of the object-glass 
instead ; a sketch of its divisions is also to be made on the 
same paper as the object itself Avas sketched on, with all the 
optical arrangements of the microscope unaltered. The objcict, 
Ihcrcfore, and the micrometer being both magnified to the 
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same extent, their images will consequently bear the same 
relation to each other as the bodies themselves. The method 
of* effecting this operation is exhibited by the following figure. 
In fig. 145 is shown how the rays of light coining from the 
cye-iRcce, or from any distant 
object, are reflected by the prism, 
in such a manner as to enter the 
eye, at right angles to their 
original direction ; and as the 
image of an object is always re- 
ferred by the eye to a situation 
in the same direction as that from 
which the rays entering the eye 
proceed, the magnified image of 
the object will be seen on a 
paper laid on a table beneath the 
camera, and can there Ix'. readily 
sketched. Supposing, in the pro- 

sent case, that the objects under examination bo granules of 
starch, or even blood discs, these cjin easily be sketched in out- 
line; when, therefore, the micrometer is substituted for the. 
starch, its divisions or squares can be drawn over the starch 
granules, as shown by figs. 146 and 147^ the former being 
squares of of an inch, the latter, i^oo 5 value 

of the squares, or divisions of the micrometer, is known, the 
objects ove/ which the lines are not drawn can also be readily 
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ascertained by the application of a jiair of compasses ; and, If 
necessary, the squares, as shown in figs. 146 and 147, can be 
further subdivided into four, so that the diameter of an object 
can be measured even to the fourth part of tlie <]uantity given 
l)y the lines on the micrometer. The whole field of view need 
not be covered with lines, as shown by the figures ; but a 
single square, or even the exact distance of any two or more 
of the lines of the micrometer, together with a pair of com- 
passes, will be all that is required. It must, however, bo 
borne in mind, that when the size of an object is ascertained 
by the above method, the distance between the camera 
and the table must be always the same; if the end of the 
conqwnind body carrying the camera w^ere ever so slightly 
raised or depressed, there would bo cither an increase or 
diminution of the value of the squares of the micrometer. 


CHAPTER IV. 

ON THE METHODS OF OBTAINING THE MAGNIFYING POWER 
OF SINGLE^ND UOMPOUNT) MICROSCOPES. 

'fiiE method of estimating the magnifying [)Ower, either of 
simple or compound lenses, is to compare an object of knowii^ 
size, such as a micrometer, seen through them with the nearest 
distance that another object, also of known size, can be dis- 
tinctly seen at : this latter distance is termed the standard of 
distinct vision, and with it all the magnifying pow'crs arc com • 
})arcd. All opticians of the present day adopt ten inches as 
a standard ; Sir David Brewster adopts five inches. . In the 
old optical works, eight inches wx*rc generally employed as the 
standard ; but the number ten, being a decimal, will be 
found most suitable for all purposes. With this decimal 
standard, the magnifying power of lenses, of any focal length, 
can be readily determined. Thus, for instance, If the lens 
muler examination be of one inch focus, we have merely to 
15 
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add a cipher to the denominator of the fraction which 
expresses the focal length of the lens, and the result will be 
the magnifying power. Thus, if the lens be half an inch in 
focal length, the magnifying power will be twenty diameters ; 
if one quarter, than forty diameters ; and if one inch, then ten 
diameters, and so on. "VVlicn, however, the focal length of a 
lens is very small, it becomes a difficult task to measure 
accurately its distance of focus. In such cases, says Mr. 
Ross,* the best plan to obtain the focal length for parallel 
or nearly paralhd rays is to view the image of some distant 
object, formed by the lens in question, through another lens 
of one inch solar focal length, keeping both eyes open, and 
comparing the image presented through the two lenses with 
that of the nak(id eye. The proportion between the two 
images so seen will be the focal length required. Thus, if the 
imago seen by the naked eye is ten times as large as that 
shown by the lenses, the focal length of the lens in question 
is one-tenth of an inch. The panes of glass in a window, or 
courses of bricks in a wall, arc convenient objects for this 
purpose. In which ever way the focal length of the lens is 
ascertained, the rules given for deducing its magnifying power 
are not rigorously correct, though they arc sufficiently so for 
all practical purposes, particularly as the whole rests on an 
assumption, in regard to the focal length of the eye, and as 
it does not in any way affect the actual measurement of the 
object.” 

In the preceding account, we have estimated the magni- 
fying power in diameters, or according to the measure termed 
linear ; but as every object is magnified in breadth as well 
as in length, it follows that, if it were drawn as broad as it 
is long, a very different idea of its measure would result : — 
thus, suppose rt, in fig. 148, to represent an object of its 
natural size, and that it be required to represent the same 
when magnified four times in length and four times in breadth, 
tlie scpiare h c d e will give such view; and if this be compared 
with the original object «, it will be seen that there are sixteen 
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such squares contained in it. This rnoa- 
h suroment, which is rarely used, except to 
astonish the public, is called the super- 
ficial inagnifyinjr power, and is found 
by squaring the linear, or, in other 
words, by multiplying the linear by 
itself. The magnifying power of single 
lenses, like the value of the divisions in 
the diflbrcnt kinds of micrometer, may 


Fig. 148. 

be set down in a tabular form, thus : — 


! F()(;al lengths 

Linear 

Supi'rfiriiil 

1 in iiiclies. 

i 

1 ' 

]\f agility ing Power. 

Magnifying Ibwer. 

2 

5 

25 

n 

6.0) 

4.1.) 

1 

10 

lOO 


1.^3 

176.8 


20 

400 

i 

40 

1600 

1 

8 

80 

6400 

tV 

100 

10000 


To ascertain the magnifying jiowcr of tlic compoinid micro- 
scope, the method employed is the same as that propovsed by 
Hooke, in his Micropraphia^ as long ago as 1()()7, and bcibve 
described at page 4; it is thus accomplished: — Place on the 
stage of the microscope a micrometer cither of glass, ivory^ or 
mothcr-of-pcarl, divided to some fraction of an inch will 
answer the purpose for all the lower powers), and, at ten inches 
distant from the eye, hold a rule, diviiledinto tenths of an inch, 
in a line parallel with the micr(»metcv; a magnifier and eye- 
l)iece being adapted to the compound body, the lines on the 
stage micrometer are to be brought Into locus; if now the 
eye not employed in looking through the eyc-piccc be cast 
as it were down on the rule, the micrometen* divisions, and 
15 » 
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those on the rule, will be soon at one and the same time; 
and, after a little practice, it will be found a very easy matter 
to count how many divisions of the rule arc covered by tivo 
or more of the micrometer. Thus, for example, suppose that 
each division of-yj^of an inch occupies just one inch of 
the rule, the magnifying power will then be one hundred 
times, as ill IT of an inch is made as large as one inch ; if the 
same divis^^lons, cither with another object-glass or eye-piece, 
corresjiond to one-and-a-half inch of the rule, then the power 
will be one hundred and fifty diameters. The magnifying 
powers of the different object-glasses, with each of the eye- 
pieces, should, also, for convenience of reference, be set down 
in a tabular form. Mr. Ross supplies with his microscopes 
a table of the following construction, having appended to 
it, that described at Jiage 221, with the value of the divisions 
of the eye-piece micrometer with each of the objc^ct-glasscs. 
For the use of those who have draw-tubes to tlieir micro- 
scoj)cs, another column might be added to denote the distances 
it must be drawn out, in order that the value of the micrometer 
divisions and the magnifying power may be set down in even 
numbers. 

Magnifying Power of the Object-glasses with the various 


t 


Eye-glasses. 

OBJECT- 

GLASSES. 



Eye-glasses. 








2 In. 

1 In. 

i In. 

iln. 

Jin. 

Ti In- 

A 

20 

60 

100 

220 

420 

600 

li 

30 

80 

130 

350 

670 

870 

C 

40 

100 

180 j 

500 

900 

1400 


Several other methods, besides those now described, have 
been from time to time adopted, to ascertain the magnifying 
power of the compound microscope; but as none are so accurate 
ns that Hooke, it has been thought unnecessary to describe 
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tliem. The value of the divisions in the micrometer scale 
and tlie magnifying powers of the dificrent object-glasses are, 
in most cases, supplied by the maker of the instrument — they 
should be always so ; but for those who are anxious to work 
the subjects out for themselves, it is hoped that the preceding 
directions will not be deemed out of j)lacc. 

The late Mr. Coventry and Sir John Barton were cele- 
brated for ruling micrometers of extreme delicacy ; some of 
those, still extant, have as many as ten thousand lines in an 
inch ; Mr. George .Jackson, a gentleman whose name has boon 
so frequently mentioned in connection with the improvements 
in the mechanical arrangements of the microscope, has also 
paid considerable attention to this subject, and has succeeded 
in ruling ten thousand lines in an inch, and in crossing these 
at right angles with others precisely the same distance apart, 
so that a scries of squares arc formed, each having a super- 
ficial area of the one hundred millionth of an inch. These 
arc very I’cmarkable as specimens of skill, but arc far too 
minute, either for measuring the magnifying poAver of an 
instrument or the value of an eye-piece micrometer. 

In England, microscopists are in the habit of setting down 
tlie measurements made by micrometers either in inches, or 
in fractional or decimal parts of an inch ; but in France, and 
some other parts of the continent, cither a line or millimetre, 
and fractional divisions of the same, arc employed for a like 
purpose. For the convenience of those who maj' wish to 
compare foreign measures of length with our own, the follow- 
ing tables have been draAvn up, together Avith directions for 
converting either English inches, or parts of an inch, into lines 
or millimetres, or these last into English measures. 

Parts of an Emjlish IneJu 

A Paris lino = .088815 or of an English iiii*li. 

A metre = 39.37100 iiiclies English, or 3.281 feet. 

A centimetre = .39371 „ or a little less than % of an inch. 

A millimetre = .03937 1 „ or a little less than ^ of an inch. 
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To convcTt Paris Lines into English Measure, 

Multi])ly the numerator of the fraction by the number 
of Paris lines stated, or divide the denominator of the fraction 
by tlic same number, or multiply the number .088815 by the 
number of lines and parts of the same. 

To conmrt Millimeh'es into English Measure, 

Multiply the number .039371 by the number of millimetres 
and parts of the same, the quotient will be the equivalent 
measure in decimal parts of the English inch. 

Tlic line is often made use of in scientific works in this 
country; but as no two persons arc agreed as to whether its 
^alue is the one-tenth or one-twelfth of an inch, it follows 
that, in all measures in which it is employed, the value 
attached to it should be stated; if the Paris line be the one 
ado|)te<l, ueitluM* tlic one-tenth or one-twelftli of an English 
inch is its eonvet value, although the latter number comes 
ju'arest the truth. 


CHAPTER V. 

CAMEliA LUCTDA. 

The camera lucidn, before described at page 144, was invented 
by Wollaston in 1807. It consists of a four-sided prism of 

glass, as represented in sec- 
tion by fig. 149, the sides and 
angles being similar to those 
shown by A B C D. The rays 
of liglit proceeding from an ob- 
ject, M N, after being reflected 
by the faces, D C, C B to the 
eye will be referred by an ob- 
j 4 y server to m w, and an image 

of the object will be there 
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seen, and if a piece of white paper be placed there the 
image will appear to be on it. The prism is generally set in 
a frame of brass, in the manner exhibited by fig. 99, all 
parts of it being covered over except the side next the eye- 
piece and a small portion of the edge to which the eye is to be 
applied ; the frame is capable of being adapted to either of the 
eye-pieces by a short tube. The prism itself has two slight 
adjustments, one to bring its upper face horizontal, and the 
other to make the image of the object fall flat on the paper 
on which it is to be drawn. A lens is generally placed under 
the camera, in order that the rays of light from the pencil 
employed in sketching and the object itself may be seen under 
the same angle. Several contrivances have been had recourse 
to, in order to simplify certain difficulties that 
arise in the use of this instrument ; one of these 
plans is shown in section by fig. 150, and con- 
sists of a miiTor, M, composed of a thin piece 
of dark coloured glass cemented to a piece of 
plate glass, inclined at an angle of 45®, in front 
of the first lens of the eye-piece, E. The light 
escaping from the object, through the lens, E, 
Fig. 150. is assisted in its reflection upwards to the eye 
by the dark glass ; and this, says Mr. Ross,* 
eftects a further useful purpose of rendering the paper less 
biilliant ; and thus enabling the eye better to see the reflected 
image.” If required, a double convex lens. 




li, may be placed beneath the mirror, as in 
the case of the prism. The polished steel 
disc, the invention of Soemmering, before 
described at page 145, may be employed as a 
substitute for the camera, over which it is 
said to have some few advantages. 

Mr. Powell supplies with some of his 
microscopes an apparatus represented in fig. 
151 ; it consists of a plate of neutral tint 


Fig. 151 . glass fitted in a frame, and so mounted as to 
be capable of being applied to the eye-piecc; 


Article “ Microscope,” Penntf CyclopuRdia. 
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with this instriunont there is no difficulty in seeing the object 
and pencil, but the paper must be shielded from the light. 

M. Nachet has contrived an excellent camera lucida, in 
which the rays undergo one reflection only, and as his micro- 
scopes do not incline, the paper on which the drawing is to be 
made is placed on a small desk in front of the observer. The 
camera, and mode of attaching it to the eye-piece, arc repre- 
sented by V in fig. 152,* and a section of the camera by p u, and 



of the desk c, together with the course of one ray of light, by 
X o r a, AV'^hcro this camera is employed, it is not necessary 
to keep the compound body in a vertical position ; the camera 
allowing of its being liicllncd at an angle of 45°, the paper can 
be laid on the table, and the drawing made in the usual way ; 
by this arrangement the field of view will be of much larger 
dimensions than where the body is placed horizontally. 

Method of using the. Camera Lucida icith the Microscope . — 
The first step to be taken after the object about to be drawn 
has been properly illuminated, adjusted, and brought into the 
centre of the field of view, is to place the compound body of 
the microscope in a horizontal position, and to fix it there. 

* Robin — Sur le Microscope, 
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The cap of the eye-piece having been removed, the camera is 
to be slid on in its stead ; if the prism be properly adjusted, a 
circle of white light, with the object within it, will be seen on 
a piece of white paper placed on the table immediately under 
the camera, when the eye of the observer is placed over the 
uncovered edge of the prism, and its axis directed towaids 
the paper on the table. Should, however, the field of view 
be only in part illuminated, the prism must either be turned 
round on the eye-piece, or be revolved on its axis, by the 
screws affixed to its frame-work, until the entire field is illu- 
minated. The next step is to procure a hard, sharp-pointed 
pencil, which, in order to be well seen, may be blackened 
with ink round the point, the observer is then to bring his 
eye so near the edge of the prism, that he may be able to see 
on the paper, at one and the same time, the pencil point 
and the image of the object; when he has accomplished this, 
the pencil may be moved along the outline of the image so as 
to trace it on the paper; however easy this may appear in 
description, it will be found very difficult in practice, and 
the obsciwcr must not be foiled in his first attempts, but must 
persevere until he accomplishes his puipose. Sometimes he 
will find that he can see the pencil point, and all at once it 
disappears; this happens from the movement of the axis of 
the eye ; the plan then is to keep the pencil upon the paper, 
and to move about the eye until the pencil is again seen, 
when the eye is to be kept steadfastly fixed in* the same 
position until the entire outline is traced. It will be found 
the best plan for the beginner to employ, at first, an inch 
object-glass, and some object, such as a piece of moss, that 
has a well-defined outline, and to make many tracings, and 
examine how nearly they agree with each other, and, when 
he has succeeded to his liking, he may then take a more 
complicated subject. If the operation bo conducted by lamp- 
light, it will be found very advantageous not to illuminate 
the object too much, but rather to illuminate the paper on 
which the sketch is to be made, either b\' means of the lamp 
with the condensing lens, or a small taper placed near it. 
When the object is so complicated that too much time would 
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be required for it to be completed at one sitting, the paper 
should be fixed to the table by a weight or on a boartl by 
drawing-pins. An excellent plan to adopt is to fix the 
microscope on a piece of deal about two feet in length and 
one foot in breadth, and to pin the paper to the same ; there 
will then be no risk of the shifting of the paper, as when the 
wood is moved, both microscope and paper will move wdth it. 

In all sketches made by the camera, certain things must 
be borne in mind ; the eye, when once applied to it, should be 
kept steadily fixed in one position, and if the sketches are to 
be reserved for comparison with others, the distance between 
the paper and the camera should be alwfiys the same. A 
short inilc or a i)lccc of wood may be placed between the 2 >apcr 
and the under surface either of the compound body or the arm 
supporting it, in order to regulate the distance, unless the joint 
be furnished with a stop, as the size of the drawing made by 
the camera will depend upon the distance between it and the 
paper. It is also very desirable, before the camera is removed, 
to make a tracing in some part of the paper of two or more of 
the divisions of the stage micrometer, in order that they may 
form a guide to the measurement of all parts of the object. 
Some persons cover the whole of the drawing over with 
squares, to facilitate not only the measurement, but in order 
that a larger or smaller drawing may be made from it than 
that given by the camera. It must be recollected that sin 
accurate outline is the only thing the camera will give, the 
finishing of the picture will depend entirely upon the skill of 
the artist himself. 

Uses to lohich the Camera iMcida may be applied , — ^Besides 
the valuable assistance rendered to the draughtsman by 
this instrument, its application to micrometry is also of no 
small utility ; the method before described at page 223, will 
answer for all purposes. If it be required to make a very 
large but accurate diagram of any microscopic object, a true 
outline of it may be drawn by following these directions. A 
large sheet of paper, attached by pins to a drawing-board, 
having been laid on the floor, and the microscope placed hori- 
zontallj w'.th its compound body projecting as far over the 
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tabic as possible, and the object and camera having been pro- 
perly adjusted, a pencil fastened into a long piece of light 
hollow cane must then be provided, and the artist, either stand- 
ing or sitting, and looking down through the camera, will see 
the image on the paper, and after a little practice will be able 
to trace its outline as easily as when the paper was placed on 
the tabic only a few inches below it. Another way of effecting 
the sjirnc end is shown in fig. 153, which is that of placing the 
tracing, M N, made from the iniscroscope by the camera as an 
object for another camera, c, of the kind employed by artists 
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for making sketches of landscapes : thi» being fastened to the 
table, D, by the screw, and the object, M N, set up in front 
of it, an accurate outline on a larger scale, M' N', can then be 
made on the floor, as in the preceding method ; the pencil, P, 
with a long handle, F, being held by the hand, H, the artist 
standing either in front or on one side of the camera, and 
applying his eye to it as at E* The size of the picture will, 
like all others made by the camera, depend on the relative dis- 
tance between the object and the paper. It will, however, be 
found in practice, that about four feet will be the utmost limit 
of the space between c and P to allow of the pencil being 
used with any advantage. In this case a lens must be placed 
at c, before the prism, suited to make the object appear just 
as far as the floor. 


CHxVI'TERVT. 

ON THE rOLAUlZATION OF LIGHT. 

Griffin of the Term. — If,” says Sir D. Brewster,* wc 
transmit a beam of the sun’s light through a circular aperture 
into a dark room, and if we reflect it from any crystallized or 
uncrystallized body, or transmit it through a thin plate of 
either of them, it will be reflected and transmitted in the very 
same manner, and with the same intensity, whctlier the surface 
of the body is held above or below the beam, or on the right 
side or left, or on any other side of it, provided that in all 
these cases it falls upon the surface in the same manner, or, 
what amounts to the same thing, the beam of solar light has 
the same properties on all its sides, and this is true of light 
emitted from candles or any luminous bodies, and all such 
light is called common light^^ But if the same light be allowed 
either to fall upon a rhomb of Iceland spar, or upon a plate of 


* Treatise on Optics^ page 157. 
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glass at the angle of incidence of 56®, as was first discovered 
by Mains in 1808, the two rays oP beams into which it is 
separated will have different properties on different sides, and 
in tlie case of the glass, supposing we hold another plate of 
glass over the first, it will be found that the reflected ray will 
pass through it when held in some positions, and not in others : 
if the glass be turned round without altering its angle to the 
liorizon, the light will be reflected in one quarter, transmitted 
in a second quarter, reflected again in the third, and when the 
circle is completed it will be again transmitted ; that is, a beam 
of light has acquired the property of‘ sides, on two of which it 
can, and on the other two it ctinnot be rcHectcd; and as these 
properties bear some analogy to the poles of a magnet, a ray 
of light so modified is said to be imlarized. In the case of the 
Iceland spar the polarization is effected by double refraction, 
but in that of glass by reflection and transmission. In order 
to explain the polarization by reflection from glass, the 
aj)paratus represented by fig, 154 has been] contrived : it 



consists of two tubes of wood, D C ; C liaving at one end a 
plate of glass. A, capable of being turned round an axis, so 
that it may form dlftcrcnt angles with the axis of the tube ; 
another tube, D, a little larger than C, carrying a similar 
piece of glass, B, is made to fit over it, so that by turning 
either of the tubes the two plates may be placed in any 
position in relation to one another. 

If a beam of light, r .v, be allowed to fall upon A at the 
polarizing angle of 56® 45', it will be reflected through the 
tubes and will fall upon the second plat(', B ; if this plate be 
also placed at the angle of 56® 45', an*! the tube to which it is 
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attached be turned round so tliat it occupies the position 
represented by the figure, the ray, r s, will be reflected to E ; 
if the tube be again turned slowly round, the light will be 
found to pass through the plate when it has arrived at a 
distance of 90^ from the starting point ; if the tube be turned 
again, the light will get more and more faint until another 90^ 
are arrived at, when the ray will undergo total reflection ; and 
so will the changes take place at every quadrant until the 
starting point is again reached, the ray, r being alternately 
reflected and transmitted. For the purpose of polarizing light, 
various substances have, from time to time, been employed ; 
amongst the most useful for the microscope will be found 
either glass, blackened on one side, or a bundle of thin glass 
plates, a crystal of Iceland spar, or a crystalline mineral 
termed tourmaline. It would be foreign to our purpose here 
to enter into any of the numerous theories that have been 
broached, to account for the above described phenomena; for 
these the reader is referred to the works that are specially 
devoted to the subject ; but as one of the principal objects ol’ 
this treatise is to teach those who are uninitiated in micro- 
scopic science, the use of the various kinds of apparatus sup- 
plied with the best achromatic microscopes, we will only take 
notice of those polarizing instruments which, when applied to 
the microscope, have been found necessary, in order to aid the 
observer in his investigations into the structure of organic and 
inorganic substances. 

The polarizing apparatus most useful to the microscopist 
has been already described at page 121 ; it consists, as shown 
in figs. 67 and 68, of two prisms of calcareous spar, constructed 
after the plan of Mr. Nicol, of Edinburgh, who employed for 
the purpose a rhomb of the spar divided into two equjil por- 
tions, in a plane passing through the .acute lateral angles, and 
nearly touching the obtuse solid angles. The cut surfaces, 
having been carefully polished, were then cemented together 
with Canada balsam, so as to form a rhomb of nearly the same 
size and shape as it was before the cutting ; by this arrjinge- 
ment only one of the two rays into which a beam of ordinary 
light passing through a rhomb of this spar would be separated 
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is transmitted, the other being rendered too divergent ; hence 
it lias received the name of the single ima§e prism. Two of 
these must be provided, one to be adapted to the under 
surface of the stage, and termed the polarizer^ as shown by 
fig. 66, whilst the other, called the analyzer^ is placed above 
the eye-glass. To effect the same purpose, some persons 
employ a bundle of glass plates as a polarizer, and a tourma- 
line as an analyzer ; but the colour of the latter is often ob- 
jectionable in the compound microscope, where everything 
that will diminish the brightness of the light and brilliancy of 
the colours should be avoided. It will be found that a tour- 
maline of a neutral tint forms an excellent analyzer, having 
one great advantage, viz., that when placed over the eye- 
piece, the field of view is not contracted as it is when a Nicol’s 
prism is employed. The best tourmaline to choose,” says 
Mr. Woodward,* ‘‘is the one that stops the most light when 
its axis is at right angles to that of the polarizer, and yet 
admits the most when in the same plane.” 

In order to illustrate some of the most striking phenomena 
of polarized light in a very simple way, by the achromatic 
(Compound microscope, the apj)aratus consisting of two prisms 
and a film of selenite, as described at page 121, will be nearly 
all that will be required as well as for the examination of 
minute animal, vegetable, and mineral structures; we will, 
therefore, proceed at once to the application of the same. 

Method of using the Polarizing Apparatus , — The .polarizing 
prism represented by figs. 66, 67, and 68, having been adapted 
to the under surface of the stage, either another prism or a 
plate of tourmaline is to be placed over the eye-piece, or in 
the end of the draw-tube, as shown by fig. 75, and the light 
having been reflected through them by the mirror, the step 
that next becomes necessary is to make the axes of the two 
prisms coincide: this is done b;y revolving either the u]iper or 
lower one, and noticing whether, in some positions, the light 
is completely cut ofl^ and in others wholly transmitted ; if the 
field of view be not darkened twice during one revolution of 

* Familiar IiUroduction to the Study of Valorized Light. Secoud 
Kdition. Page ;J5. 
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the prism, the axes do not correspond; to remedy tins, the 
compound body capable of being turned away from the 
stage, as in Mr. Koss’s and Mr. Powell’s instruments,) must be 
shifted cither to the right or the left until this point is 
attained. If now a thin plate of selenite, or other doubly 
refracting crystal, be placed on the stage, and be brought into 
the focus of the object-glass, and the light be caused to 
pass through the prisms, the selenite will produce a colour 
according to its thickness: if one of the prisms be now 
revolved slowly, we shall find that more and more light 
will be transmitted, but the intensity of the colour will be 
diminished, and when a quarter of a revolution has been 
accomplished the brilliancy of the colour will re-appear ; but 
what was originally red will become green, and the green will 
again become red at a sccrond quai*ter of a revolution. If the 
selenite be removed, and some very thin crystals of sulphate 
of copper, tartaric acid, or one of the other substances 
presently to be enumerated, be substituted for it, a most 
gorgeous set of colours will be seen ; and as the prism is 
being revolved, the same alternations of reds and greens will 
take place as with the selenite. If^ however, a piece of glass, 
with some perfect crystals of iodklc of potassium or common 
salt upon it, be placed under the same conditions, neither the 
light nor the colours will be seen: hence bodies may be 
divided into those that jiolarize and those that do not polarize ; 
to the latter class belong the iodide of potassium and common 
salt just named. The primitive form of crystal of these 
substances is the cube, and it has been found, by experiment, 
that these crystals, not possessing the property of double 
ndraction, do not exhibit colour when placed between the 
prisms; but by far the greater number of other crystalline 
bodies possess this property, which is essential to the production 
of colour. One of these last must, therefore, be chosen in 
order to exhibit colours ; but it happens that there is one part 
or axis of the cry stal in which the property of double refraction 
docs not exist; this is called the axis of [no] double refraction : 
in some crystals there are two such axes. In other bodies 
there art certain ])lanes along which, if the refracted ray 
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passes, it experiences no double refraction ; this is termed the 
neutral axis, and no colour will be produced around it when 
polarized light passes through the crystal in the direction of 
this axis. 

Some persons, at the suggestion of Sir David Brewster, 
employ a rhomb of Iceland spar for an analyzer, instead of a 
Nicol’s prism ; this should be so thick (when the selenite is 
placed on the stage) as to separate the complementary colours 
by double refraction; and in order to protect the rhomb 
from scratches, a plate of thin glass should be cemented to 
two of its surfaces ; with this prism as an analyzer, and with 
one of NicoPs as a polarizer, a film of selenite of uniform 
thickness, and with a brass plate, three inches by one, per- 
forated with a series of small holes, from the one-sixteenth to 
the one-fourth of an inch in diameter, a variety of interesting 
phenomena may be exhibited, as described by Mr. M. S. Lcgg, 
in the Transactions of the Microscopical Society* If the brass 
plate be placed on the stage, with the smallest hole in the field 
of view, and an inch object-glass be employed as the magnifier, 
the rhomb, when placed over the eye-piece, will give two 

Images of the aper- 
ture, as in fig. 154, 
a. If the eye-piece 
be now turned, the 
images will describe a 
circle; and if a larger 
aperture be brought 
into the field of view, 
the images will over- 
lap, as shown in fig. 
1 54, h and c. If the Nicol’s prism be now adapted to the under 
surface of the stage, and the eye-piece revolved, it will be found 
that in certain parts of the revolution there will be two images, 
whilst in others there will be only one, fig. 155, a 6 c rf. If now 
a film of selenite of a certain thickness be placed underneath the 
brass plate, the apertures will be coloured red and green, fig. 
154, a' y c’, and if the eye-piece be revolved, at every quarter 
* Vol. ii., part ii. 



Fig. 154. 


16 
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of the circle the colours will be seen to change alternately 
from red to green, and from green to red, fig. 155, a' b d d\ 
If the brass be slid along so as to bring the two largest aper- 
tures into focus, the images will overlap, and where they do 
so white light will be produced, as shown in fig. 154, b d. 



Fig. 155. 


The experiments may be varied by cmidoying two double 
refracting crystals, placed one over the other, and by removing 
the Nicol’s prism, but retaining the brass plate on the stage; 
two distinct images will then be seen, but at twice the original 
distance from each other, as in fig. 156, a. If the crystal 



Fig. 156. 


nearest the eye be turned from left to right, two faint images 
will appear ; continuing the revolution, the four images will 
be equally luminous, and when the crystal has been turned 
round 90^, there will be only two images of equal brightness ; 
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continuing the turn, two other faint images will appear ; fur- 
ther on, four images of equal brightness, and at 180® they will 
all coalesce into one bright image, c. 

If a film of selenite be placed between the two crystals, we 
shall see three coloured images instead of two colourless ones, 
fig. 156, a'; of the three, the tAVO outer may be green, the 
middle red. By turning the crystal nearest the eye, the 
middle image will gradually divide until the completion of the 
quarter of a revolution, when four images will appear, as at h\ 
two being red, the other two green; revolve the crystal 
another quarter of a circle, the three images, as at o', will 
re-appear, but Avith different properties — the tAvo outer being 
noAV red, and the middle green; at another quarter four 
images Avill be seen, also with their colours reversed, as at 
and at the completion of the circle the original appearance 
Avill again occur. 

Whenever polarized light passes through certain crys- 
tals in the direction of the optic axis, a series of beau- 
tifully coloured rings will be seen. Certain angles of 
any given crystal must be ground down to a plane sur- 
face and be polished, in order to exhibit the rings; when 
this is accomplished, there will be found in some positions 
of the analyzing prism a black cross, with a series of 
rings around it, and in others a white cross, with the 
colours of the rings reversed. In crystals having two axes 
of double refraction, a double system of rings will be seen. 
Nitre is a beautiful instance of this kind, and a transverse 
section of a prism of this substance, when ground down and 
polished, will, with polarized light, exhibit the double system 
of rings ; but if the prism be ground in some other directions, 
colour will be produced ; hence it becomes necessary, in order 
to exhibit the phenomena of colour, to have crysLafe <rat-cithci: 
in the direction of the axis of double refraction, or in a plane 
inclined at certain angles to it. But when the same sub- 
stances, in a state of solution, are crystallized on glass, it 
frequently happens that many of the crystals will be arranged 
Avith their axes of double refraction in the direction of the beam 
of polarized light ; all such, therefore, Avill exhibit colours, as 
16* 
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will those also in which the thickness of the crystal is not 
below a certain standard, this for the selenite is the *00046 of 
an inch ; the red colour is always produced by the thickest 
films, the violet by the thinnest. It must, however, be borne 
in mind that the red and green arc always complementary to 
each other, or together make wliitc light. 

The exhibition on a screen of the coloured rings in crystals 
cut at right angles to their crystallographical axes, was first 
effected by Mr. Woodward, by the gas polariscope; tlie 
crystal having been placed within the focus of a lens of low 
power, and a tourmaline used as an analyzer. Mr. Lcgg 
has successfully effected the same results by the achromatii* 
compound microscope, and in order to afford an additional 
means of investigating these phenomena, he recommends the 
use of the erector, before described at page 126, by which tlie 
microscope is converted into a telescope of low power. When 
the Nicol’s prism is used as a polarizer, the field of view will 
be too much limited for the action of the erector; in these 
cases it will be advisable to employ a bundle of thin glass plates, 
placed in such a manner that light may fall on them at an 
angle of 56® 45', when the light reflected will be polarizeil, 
and a large field illuminated, but not with so much brilliancy 
as by the prism and concave mirror. 

The usual mode of exhibiting microscopic objects by polar- 
ized light is to place them on the stage of the instrument 
with a'Nicol’s prism as a polarizer, adapted below the stage, 
and a similar prism above the eye-piece; in this way most 
crystalline bodies may be shown. Some few vegetable struc- 
tures may also be exhibited in the same manner, amongst tlio 
latter may be enumerated the hairs on the leaf of the Eloeagnus, 
the siliceous cuticle of the Equisetum, and of some of the 
grassc^ together with starch of various kinds, all of which 
are beautiful objects for the polarizing microscope. Many 
animal structures, such as feathers, slices of quiU, horn, hoof, 
and other cuticular appendages, are best shown by placing a 
thin film of selenite or mica beneath them, by which they 
become intensely coloured ; the selenite or mica should be of 
uniform thickness, in order to develop the true structure of 
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the object as indicated by the various colours occasioned by 
the different densities of its parts. A list of those objects that 
>vill cxliibit the most beautiful scries of colours will be given 
in another part of the work. 

It may be here stated, that the film of selenite employed to 
give colour to objects, should be mounted between two glasses 
ior protection ; it may be even immersed in Canada balsam, in 
the same manner as an ordinary object. Some persons employ 
a large film mounted in this way between plates of glass, with 
a raised edge to act as a stage for supporting the object on, it 
is termed the selenite stage^^ 

Cause of tlm Colours of Polarized Light — In fig. 153 it was 
shown, that when a beam of light reflected from a plate of 
glass, at the angle of 56^^ 45', was received by another plate of 
glass at the same angle, it would be found (if this second plate 
were capable of being revolved) that in two j)ositions in one 
revolution the light would be entirely stopped, whilst in two 
others it would be wholly reflected; in the microscope the 
same effect can be shown by two prisms, one either above the 
<^ye-piecc or between it and the object-glass, and the other 
between the object-glass and the mirror. It has been stated 
before, that if a thin plate of a doubly refracting crystal were 
placed between the prisms (when in the situation that the 
transmitted ray of polarized light from the lowest prism is 
stopped by the upper prism), it would not only cause the light 
to pass through the first prism, but, according to the thickness 
of the plate of the crystal, so should we have colours* comple- 
mentary of each other, or which, together, would make white 
fight. From a very early period, pliilosophers have been 
employed in the investigation of the nature of light, and two 
principal theories have been advanced, one by Newton, who 
maintained that light is material, and is emitted by all self- 
luminous bodies in minute particles ; the other by Huyghens, 
who supposed that an elastic medium, called ether, fills all 
space, and occupies the intervals between the particles of all 
substances, and that luminous bodies excite vibrations in this 
ether, winch spread by waves, in the same manner as those 
formed in water when a foreign substance, such as a stone, is 
dropped into it. This latter theory is the one now generally 
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adopted, and has received the name of the undulatory theorif. 
Light, as is well known, is made up of three colours, each 
colour being produced by a wave or undulation of a particular 
length; if all meet together in the same state of vibration, 
white light is formed, but if they meet under other conditions, 
darkness or colour may resiilt from the waves interfering with 
each other. If the ditference of length between two waves be 
an even number of half undulations, the two will coincide and 
produce a colour equal in intensity to the two combined; but 
if the diflFercnce be an odd number, darkness will result. Let 
us now apply this principle to the selenite between the two 
prisms, and let us suppose the prisms to be arranged so that 
no light may be seen when the eye is applied to the eyc-piece ; 
the polarized beam, therefore, from the first prism not being 
able to pass through the analyzing prism, a plate of a double 
refracting crystal is introduced; this has the property of 
dividing the polarized beam into two rays, which are polarized at 
right angles to each other ; but at angles of 45® to the original 
ray, these falling on the analyzing prism, and being inclined 
somewhat nearer to its ciystallographical axis than the polar- 
ized beam originally was, some of its vibrations will pass 
through, and colour will be produced by interferences in the 
undulations ; and if, in the first case, the colour be red, then, 
as the prism is turned, it will become green. The red and 
green colours are, as has been before stated, complementary, 
or the one is what the other wants to form white light ; if a 
double refracting crystal of Iceland spar be used instead of the 
Nicol’s prism, it can be shown that where the red and green 
arc super-posed, white light results. But as this subject will 
be best understood by reference to a diagram, the author has 
selected the following from the second edition of the valuable 
Introduction to the Study of Polarized Lights lately published 
by his friend, Mr. Woodward. In order to render the 
diagram more intelligible, it may be as well here to state 
that ordinary light is represented by a cross, which denotes 
that its vibrations are in planes at right angles to each other, 
whereas, when one set of such vibrations only is shown, the 
Hghf is said to be polarized. Mr. Woodward’s description of 
the production of colour by polarized light being in itself 



ON THE rOLARIZATION OF LIGHT. 


247 


comprehensive, the author has been induced to copy it 
verbatim. 



A B, C D, re[)rc8cnt the rectangular vibrations by wliich 
a l ay of common light is supposed to be propagated. 

E, a plate of tourmaline, called in this situation the 
polarizer, and so turned that A B may vibrate in the plane of 
its crystallographical axis. 

P, liglit polarized by E, by stopj^ing the vibrations C D, 
and transmitting those of A B. 

“ O, a piece of selenite of such a thickness as to produce 
red light and its complementary colour, green. 

H, the polarized light F bifurcated, or divided into ordi- 
nary and extraordinary rays, and thus said to be dipolarized 
by the double refractor G, and forming two planes of polarized 
light o and e, vibrating at right angles to each other. 

I, a second plate of tourmaline, here called the analyzer, 
with its axis in the same direction as that of E, through which 
the several systems of waves of the ordinary and extraordinary 
rays H, not being inclined at a greater angle to the axis of the 
analyzer than that of 45®, arc transmitted and brought together 
under conditions that may produce interferences. 

K, the waves and 11® for red light of the ordinary and 
extraordinary systems meeting in the same state of vibration, 
occasioned by a difference of an even number of half undu- 
lations, and thus forming a wave of doubled intensity for 
red hght. 

L, M, the waves Y*’ and Y® and B** and B® for yellow nnd 
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blue of the ordinary and extraordinary systems respectively 
meeting together, with a difference of an odd number of 
half undulations, and thus neutralizing each other by inter- 
ferences. 

N, red light, the result of the coincidence of the waves for 
red light, and the neutralization by interferences of those for 
yellow and blue respectively. 

" H, in the lower part of fig. 157, represents dipolarized 
light. 

I, the analyzer turned one quarter of a circle, its axis 
being at right angles to that of I, in the upper part of the 
same figure. 

“ K, the waves E® and R** for red light of the ordinary and 
the extraordinary systems meeting together with a difference of 
an odd number of half undulations, and thus neutralizing each 
other by interference. 

L, M, the waves Y® and B“ for yellow and blue of 
the two systems severally meeting together in the same state 
of vibration, occasioned by the difference of an even number 
of half undulations, and forming by their coincidences waves 
of double intensity for yellow and blue light. 

N, green light, the result of the coincidences of the waves 
for yellow and blue light respectively, and the neutralization 
by interference of those for red. 

By using a plate of selenite of uniform thickness, the 
colour will Jbe uniform, whereas a plate of different thicknesses 
will produce different colours, following the same order as 
those of Newton’s rings ; red being produced by the thickest, 
violet by the thinnest, and intermediate colours by intermediate 
thicknesses of the plates of selenite.” 

By substituting Nicol’s prisms for the two plates of tour- 
maline, and by.the addition of an object-glass and eye-piece, the 
diagrams would then represent the passage of the light through 
an achromatic compound microscope. If, instead of the sele- 
nite, other crystals, such as Iceland spar, quartz, nitre, &c., 
cut in the manner described at page 240, be placed between 
the tourmalines, coloured rings will be produced, which, in 
some cases, may be intersected citlier by a black or white 
cross, according as the light is stopped or transmitted. All 
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substances, whether animal, vegetable, or mineral, which, by 
the unequal arrangement of their particles, possess the property 
of double refraction, will, when placed between the prisms, 
exhibit colours varying according to the otherwise unap- 
prcciable difference of density of their various parts, and 
these differences may thus be (Hstinguished and traced out 
much more satisfactorily than by common light. " Should, 
however,” says Mr. Woodward,* the doubly refracting 
pro})erties of the tissue be too feeble to produce a sufficient 
difference of colour, the effect may be considerably increased 
by placing the object on a plate of selenite of uniform thick- 
ness, for which purpose a thickness capable of producing a 
bright purple or light blue colour will be found to afford the 
most agreeable contrast, and, as a single plate, to be the most 
generally useful.” 

In the preceding description of the colours produced by 
polarized light, those of which mention has been chiefly made 
are the red and the green ; it must not, however, be imagined 
that these are the only colours, for, in practice, it will be 
found that not only every colour of the spectrum, but every 
variety of tint of each of these primary colours, will be pro- 
duced by variations in the thickness of the doubly refracting 
substance, through which the polarized light passes; these 
tints may be classified into seven orders, as was done by 
Newton, when he ascertained the thickness of coloured plates, 
and particles of air, water, and glass. Selenite, frem the cir- 
cumstance of its splitting easily into lamina3, may be obtained 
of all tliicknesses, and films of intermediate thicknesses between 
•00124 and 'OISIS will give all tints of colour between the wliitc 
of Newton’s first order and the white arising from the mixture 
of all the colours. The same variety of tints may be produced 
by placing the films one over the other; for lliis purpose, 
Mr. Darker, who has paid considerable attention to the sub- 
ject of polarized light, and to whose ingenuity wc are indebted 
for some of the most beautiful of our apparatus for exhibiting 
certain phenomena in connection with this subject, has con- 
structed for Dr. Leeson the instrument represented by fig. lo8. 

Op, CiL, p. 31. 
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It (‘.onsists of a plate of brass, four inches long, an incli-and a- 
lialf broad, and one-fifth of an inch thick, having a piece of 
raised brass screwed to it, against which objects may rest 
when the microscope is inclined; in the centre of the brass 
plate there is a hole, one inch in diameter, into which is fitted 
a ring of the same metal, with a shoulder on its under side to 
receive certain cells, into which plates of selenite are fitted ; 
this ring is capable of being revolved either to the right or 
the left of a central index or dart, by means of an endless 
screw, turned by the small handle seen on the right side of the 



o 

Hg. 158. 

figure. P A P A |, P A J, represent three brass cells, into 
each of which are burnished two plates of thin glass, having 
between them films of selenite of different thicknesses. The 
dart at P A denotes the direction of the positive axis of the 
selenite, add the figures J-, &c., denote the parts of a vibrn- 

tion retarded by each disc, which, by their super-position and 
variation in position, by means of the endless screw motion, 
produce all the colours of the spectrum. 

Advantages of Polarized Light to the Microscopist — The 
application of this modification of light to the illumination of 
very minute structures has not yet been fully carried out, but 
still there is no test of differences in density between any two 
or more parts of the same substance that can at all approach 
it in delicacy. All structures, therefore, belonging either to 
the animal, vegetable, or mineral kingdom, in which the 
power of unc(|ual or double refraction is suspected to be 
present, arc those that should especially be investigated by 
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polarized light. Some of the most delicate of the elementary 
tissues of animals^ such as the tubes of nerves, the ultimate 
jlibrilla3 of muscle, &c., are amongst some of the most striking 
subjects that may bo studied with advantage under this 
method of illumination. It would be impossible, in a work 
like the present, to give a long list of objects that require the 
aid of polarized light for their exhibition; every structure 
that the microscopist is investigating should be examined by 
this light, as well as by that either transmitted or reflected; 
objects mounted in Canada balsam, that are far too delicate to 
exhibit any structure under ordinary illumination, will often 
be well seen under polarized light; its uses, therefore, are 
manifold. Those who would wish to enter scientifically into 
this subject, should consult the works of Biot, Brewster, 
Ilerschel, and the excellent Lectures of Dr. Pereira; the 
Familiar Introduction to the Study of Polarized Lights by Mr. 
Woodward, may also be studied with very great advantage. 
The object of the author in the present chapter has been to 
show the nature of the apparatus employed, how it is adapted 
to the microscope, and the method of using it, together with 
as short an explanation as possible of some of its most important 
principles; the mode of preparing such objects as will best 
exemplify these principles will be fully described in a subse- 
quent chapter. 


CH.VPTER VII. 

GONIOMETER. 

For the pui*pose of measuring the angles of crystals, whether 
microscopic or others, a very beautiful instrument has been 
invented by Dr. Leeson, and has been termed by him,' a 
Double Refracting Goniometer. A full description of it has 
been given in the Proceedings of the Chemical Society^ 
Part XXIII., of which the following is a transcript : — 

The goniometer, invented by the author with a view to 
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remove many of tlie difficulties incident to the instruments 
heretofore in use, is represented in figs. 159 to 167. Amongst 
the peculiar advantages of this instrument may be enumerated 
its capability of measuring opaque and imjjerfect crystals, also 
microscopic crystals, and crystals in the interior of transparent 
media. It is equally applicable to the largest crystals, and 
will measure angles without removing the crystal from a 
specimen, provided only the whole is placed on a suitable 
adjusting stage. The instrument depends on the application 
of a doubly refracting prism, either of Iceland spar or of 
quartz, of such a thickness as will only partially separate the 
two images of the angle which it is proposed to measure. 

Premising that the goniometer may be either mounted as 
a separate instrument or attached to a microscope, it is pro- 
posed to describe it as when fitted to a body of the improved 
compound microscopes in common use. The same lettci’s 
will be used for the corrcsi)onding parts in figs. 159 to 164, 
which represent the various parts of the goniometer fitted up 
as the eye -piece of a microscope, together with those of the 
adjusting stage to support the crystal which is intended to fix 
upon the traversing stage of the microscope. 

^^Fig. 159 is a perspective view of the goniometer, and fig. 
160 is a section of the same. At a is an achromatic prism of 



double refracting Iceland spar-a Ecchon’s prism of quartz 
may be substituted; i is a brass tube containing tbc pnsm, 
with a round aperture fonning the cap of the eyc-piecc, and 
sliding stiffly on the tube c attached to the arm d canying the 
vernier of the graduated circle A. At/ is an achromatic eye- 
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piece, either Iluyghenian or positive, sliding stiffly or screwing 
into the tube g which fits into the tubular body of the micro- 
scope. If the crystal be large, and no magnifying power re- 
quired, this eye-piece may be dispensed with ; a single lens of 
long focus may occasionally be substituted with advantage. 
The vernier has a clamping screw at i and an adjusting screw 
at A. A reading microscope, ]daccd at r, is attached to the 
vernier. Fig. 161 is the adjusting stage to suj)j)ort the 
crystal whose angles are to be measured, and fig. 162 is a 



section of the same. The crystal may cither be attached by 
Canada balsam or wax to a glass, or blackened ivory plate I 
dropping into the ring which again fits into the ring w, or 
the crystal may be conveniently held by the clamping arms 
in fig. 163, attached tearing, also fitting into. the plate w. 




Two of these arms have very small cups at their extremity 
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fitted with a piece of India rubber or cork, by means of which 
they can be pressed against a crystal without bruising it. The 
third arm has a small fork at its extremity, which turns round 
on the end of the arm at x in any direction to suit the crystal. 
The arrangement of screws and guides shown in the drawing 
is for the purpose of sliding the arms to and from the centre 
Avhere the crystal is to be fixed. Fig. 164 is another ring 
fitting into n with two light springs to hold a slip of glass on 
which to fix a crystal when desired, or to carry one of the 
oidinarily mounted microscopic specimens. 

figs. ICl and 162, Is a semicircle attached to the ring 
w, which is centred on two screws, at t passing through 
two uprights, so that it may be inclined at any angle and 
fixed by the clamping screw r. This semicircle may be 
graduated, in which case it can also be employed for detor- 
iriining the inclination of the optic axes by polarized light. 
Not only can the plate be revolved in any direction within 
the ring 71, and set to any Inclination by the semicircle 7 ?, but 
the whole ring o cariying the upright supports may also be 
revolved around the short tube shown in the section at fi 
upon the plate .s‘, which fits upon the traversing stage of the 
microscope. The ring o may also be graduated, if thought 
useful, and thus rendered convenient for investigations by 
means of polarized light. 

“ When a crystal, or any angle of the same, is viewed through 
the prism attached to the goniometer, two images thereof are 
produced by revolving the prism, which, with respect to each 
other, may be made to occupy various relative positions, as 
shown, for example, in figs. 165, 166, 167. Let a If c, fig. 



165, be the angle to be measured, the crystal being adjusted 
properly, as hereinafter explained. Place the vernier at zero. 
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and there clamp it fast; then revolve the tube b containing 
the prism until the lines forming one side of the angle to be 
measured coincide in both images, as, for instance, the lines 
a by a' //, fig. 1G6; then release the vernier and revolve it on 
the graduated circle, until the two lines forming the other side 
of the angle h c, 5' o', also coincide, fig. 1 67. The amount of 
rotation thus obtained is the measure of the angle, or its com- 
plement, according to the direction in which the vernier is 
moved. Instead of starting from zero, it is of course suffi- 
cient to take the diffLn*cnce of the readings in the two 
positions. 

« There arc two descriptions of angles, the one sort being 
tlie [dane angles produced by the lines forming the edges ot 
tlie planes, the other sort being the angles representing the 
inclination of the planes themselves to each other. 

<‘Whcn a plane angle is to be measured, it is necessary 
that the two lines or edgej^ forming it should be both situatcMl 
in a plane perfectly liorizontal, that is perpendicular to the 
axis of vision. The stage, fig. 161, furnishes every facility 
for this adjustment, which may be known to be perfect by 
using a suitable object glass and observing that every portion 
of both lines remains exactly in focus on traversing the stage. 

‘‘ When the inclination of two planes is to be measured, 
they must be so ad justed that their line of junction is pandlel 
to the axis of vision, or, to use a familiar expression, they 
must be taken out of winding, as it is termed. A, very litth* 
practice will satisfy the observer that tliese adjustments may 
be readily accomplished by the stage in question. 

“ Similar adjustments may be eficeted, although somewhat 
more difficult, by using the forceps commonly sold with the 
compound microscopes, more especially the thrce-prong(*d 
forceps made by Smith. 

‘‘ The author cannot too strongly insist on the importance 
of the microscope in examining the surface of the planes of 
crystals subjected to measurement, convinced as he is that 
obliquity in many cases arises not only from conchoidal frac- 
tures, but also from imperfect laminai elevating one portion of 
a plane, and yet allowing a very tolerable reflection when 
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measured by the reflective goniometer. Another source of 
error sometimes arises from not observing that the planes 
measured are those of maclcd or aggregated crystals, and thus 
furnish angles which would not exist in a distinct crystal.” 

Mr. Ross has also contrived a very excellent goniometer ; 
it is constructed somewhat on the same principle as the 
micrometer eye-piece, shown at fig. 134, page 212, by placing 
a cobweb in the lower part of the outer tube in the focus of 
the eye-glass, instead of a divided scale, and having the upper 
rim of the same tube divided into 360®. By turning either 
the crystal or the cobweb, so that one of the sides of the 
former may lie in a line parallel with the cobweb, and having 
set the index at zero, or observing the degree it points to, 
and then bringing the cobweb in a line parallel with another 
side of the crystal, the number of the degrees passed over 
wdll give the angle required. 
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CIIAPTEK L 

'ruR microscope, and all the apparatus necessary for the 
investigation of every class of object, having been fully 
described in the preceding pages, it remains now to point 
out the different methods by which these objects may be 
exhibited, as well as mounted and preserved for futui-e 
examination. As this work is chiefly intended to attbrd 
information to those ivho are young in microscojiical scioiK*o, 
and who, therefore, cannot be supposed to be familiar with 
many of the methods employed in the pve])aration of the 
different kinds of objc(!ts, the author must be excused for 
entering somewhat in detail into a few of the most important 
[»rocesses; as it is requisite that the directions given should be 
sufficiently plain to enable even the most inexperienced 
manipulator to carry them into effect. 

All structures intended to be viewed by transmitted liglit 
requiring glass of some fonn or other, cither for their support 
whilst being investigated, or when juirmanently mounted, it 
becomes necessary first to allude to the best mode of cutting 
such glass into the proper shape by a diamond. 

Diamonds for Cutting Glass , — ^The diamonds required by 
the microscopist are two in number, the plough or glazier’s 
diamond, and the writing diamond. Tlie fonner is necessary 
for cutting the thin plate or crown glass for slides, and for 
cells and boxes to mount objects in, whilst the latter is 
required for cutting the thin glass for covers, and for writing 
the names of the objects on the end of the slides. The 
]3lough or glazier’s diamond is represented by fig. 168, and 
consists of a shaft or handle, and of an oblong piece either of 
17 ^ 
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steel or brass, in which the diamond is set; this piece oi* 
metal Is connected to the handle by means ol‘ a swivel-joint 
whieJi works in the end of a brass ferrule attached 
to the handle of the instrument. The handle is 
generally composed of wood or ivoiy, the upper 
part is round and slight, whilst the lower part is 
much larger and flattened on two sides, for reasons 
presently to be assigned. The amateur, when 
taking a diamond in hand for the first time, must 
not be disappointed if he fail to cut a strip from a 
piece of glass : he may even persevere, and still 
some time elapse before he is certain of making a 
good cut — hence it has been thought that a few 
woixls of instruction on this i)oint would not here 
be out of place. The diamond should l)c held in the 
hand thus : — The upper part of the shaft or handle 
should be placed between the fore and middle 
finger, and one of the square sides of the lower 
end pressed upon by the thumb, and the opposite 
sfjuarc side by the middle finger. The side of the 
oblong piece of metal in which the diamond is set 
should now be brought against the edge of the 
ruler, and by means of the swivel-joint it will 
readily accommodate itself to it. Supposing we 
wish to cut a strip from a piece of glass, we 
must first lay the mlcr on the glass, in the 
position in which we wish the cut to be made ; 
the diamond held as akcady directed must be 
placed against the edge of the ruler, at the spot 
Fi‘». 1G8. where we wish the cut to commence, and should 
the operator have never cut with the same diamond 
before, he should rest it on its point, and move it backw.anis 
and forwards upon it, making the upper end of the handle 
des<;ribc a curve, until the diamond marks or takes readily lo 
the glass. When the riglit position is obtained, the diamond 
may be drawn carefully along the ruler to the opposite end of 
the glass, care being alAvays taken that the pressure exerted on 
it be not great, and that the same degree of inclination of its 
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handle to the ruler be preserved tliroughout, else in parts the 
glass will be cut, and in others only scratched. A true cut will 
be known by being very faintly visible, and by a particularly 
musical sound being produced by the cutting, whereas a scratch 
is known by its jagged edges, and by the rough and harsh sound 
made whilst the diamond is passing : when the glass is held 
towards the light, it will be seen that the scratch is merely 
superficial, but the true cut, although faintly seen on the 
surface, will show that the glass is cracked for some con- 
siderable distance below it. When wo try to separate the 
slip which has been cut with the diamond, we shall find that 
it easily breaks off, whilst the scratched portion will be with 
difficulty, if at all, removed. The operation of cutting, 
although at first sight very simple, will be found not 
to be so in practice. The best plan for the tyro is to 
procure a piece of soft glass, and make a number of 
I cuts as near to each other Jis possible, and try how 
thin a slip can be broken off. 

j Wvitiwj DiamoiuL — The writing diamond is repre- 

sented by fig. 169; it is not provided with a swivel, 
neither is the handle squared, but consists for the most 
part of a thin, tapering stem of ebony or ivory, and as 
it, like the glazier’s diamond, will only cut or scratch in 
1 certain positions, it is requisite that the operator should 

1 ascertain this point, and when once found, a mark 
should be made on tJic handle, in order to show which 
part of it is to be held in front. Those diamonds 
having a j)ortion of the handle squared on which to 
place the thumb or forefinger will be found to be by far 
the most convenient ; but when the operator has once 
fixed upon the best Avriting point of the diamond, he 
may, if lie chooses, cut out a place in the handle for 
the reception of the thumb or forefinger. There are 
two descriptions of writing diamonds, one in which an irregu- 
lar stone has been ground or turned to a fine point, whilst the 
other is formed of a sharp-pointed fragment or splinter. The 
former is to be preferred, although its cost is considerably 
greater. 
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CHAPTER 11. 

ON CUTTING GLASS. 

(J/ass . — The best khuls of glass lor mounting objects upon, 
;u‘c those known in commerce as //un and flatted cruwn^ 
both may be purchased either in sheets or cut up into slides 
njady for use ; if the former be prcfen*ed, it should be free 
from holes sind daws, whilst, in the latter, veins and air 
bubbles must be avoided ; should the operator wish to cut it 
liimsclf, he must be provided with a diamond of the form 
represented in page 260, and a piece of apparatus termed a 
cutting-board. 

Culthuj-hoard . — This is represented . by fig. 170, it consists 





Fig. 170. 

ot‘ a [)leee . of mahogany or deal, a h, about a foot or eighteen 
inclies long by eight or nine broad, and three quarters or one 
inch thick; upon this, and close to one of the sides, is screwed 
a stri|) of similar wood, c, about an inch broad and one-fourth 
an inch thick, but not so long as the bottom piece by two 
inches ; upon it may be marked lines, such as ^ to indicate 
the width of tlic more common sized slides. The rulers are 
generally made of the length of the board, and as broad as 
the sizes of the glass-slides required to be cut, minus half the 
tluckness of the setting of the diamond ; the wood most suit- 
able for them is from one-eighth to one-fourth of an inch 
thick ; one of these rulers is represented by r/. In all, the 
ends should be cut perfectly sipiare, for a purpose presently 
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to be named. Now, supposing we wish to cut the slides of 
the usual size, viz., three inches long by one inch wide, we 
must be provided with two rulers, the one not quite one 
inch broad, the other not quite three inches, as no diamond 
will cut close to the edge of the ruler, in consequence of its 
being set in the middle of a piece of steel or brass, therefore 
the distance of the cut, made by the diamond-point from tlie 
edge of the ruler, will be regulated by the thickness of the 
setting, and as no two arc of the same thickness. It becomes 
necessary to have the rulers, at first, of the respective 
breadths of one inch and three indies, and then to have 
one edge planed, until the cut made by the diamond is 
exactly the right measure. When tliose who use plate- 
glass prefer having the edges of their slides cither ground 
or polished, it is as well to keep the rulers of the exact size 
of the slide, viz., one oT an inch and the other of three Inches 
l.)road, by these the slides will be cut larger than is required, 
but the loss the edges sustain in the grinding will? in all 
probability, bring them down to the proper size. 

Process of Cutting . — In the cutting of slides, it is advisable 
first to cut the glass into strips three inches broad, this is 
done in the following manner: — One edge of the glass, if not 
quite straight, is to be made so by cutting a thin strip off; 
this straight side is to be placed against the thin raised edge 
on the cutting-board, and pressed firmly tOAvards It, the broad 
ruler is then to be laid upon the glass, and qlso pressed 
against the raised edge, and a cut, made with the diamond in 
the manner previously described ; we shall now have a stri[> 
of glass three inches broad. The next step is to make one of 
its ends square, this may be done by laying the strip against 
the raised edge of the cutting-board, Avith one extremity ex- 
tending a little beyond it, the broad ruler, being perfectly 
square at both ends, is now to be placed Avith one of these 
against the raised edge and a cut made, this Avill render the 
end of the strip of the glass square; this squared end is then fo 
be brought against the edge of the cutting-board, and, Avith 
the narrow ruler, it can be cut up into as many slides of three 
inches by one as its length Avill admit of; Avhen these are 



264 


MANIPULATION. 


2>laccd in a bundle, they will be found to be all of one size, 
which would not be the ease were any other jdan adopted. 
The small strii)s cut off from plate-glass, which arc not large 
enough for slides, should not be thrown away, as they will 
be found very useful in making cells or boxes. It will be 
noticed that slides of three inches by one have only been 
s])oken of in the j)rcceding dcscrl2)tJon, of course any other 
sizes may be cut by the same process, by having rulers of the 
requisite breadth. 

Edging the Slides , — All glass that has been cut with the 
diamond will i)rcsent a rough edge, to obviate this, and at the 
same time to improve the aj^pearance of the slide, the edges 
must be ground smooth, this is done by rubbing them on a 
l)erfectly flat plate of metal, with fine emery and water. As 
one of these jdates will be found of great use for other pur- 
poses than that just mentioned, it will be as well here to sjieak 
of the best form to be adopted. Several metals will answer 
the puri)osc, but the best is a mixture of lead and pewter; 
cast-iron and brass, esjiecially the former, will answer very 
well, but lead is rather too soft ; in order to get the surface 
flat, it may be jilancd, or, if the jdate be not very large, three 
of the same size should be procured ; they may all be kc2)t j)cr- 
fectly true by a j^roccss well known to most mechanics, this is 
nothing more than grinding one alternately against the two 
othejs, and tliesc two against each other, whereby a perfectly 
Hat surliicq, may be always kcj)t. If cast-iron be employed, 
three jdates, about seven or eight inches in diameter, will 
answer the puqiosc exceedingly well The process of grinding 
the edges consists in holding the slide in a vertical position on 
the jdatc, and rubbing it either round and round, or else 
backwards and forwards, until perfectly flat; if the edges 
require to be bevelled, the slide must then be inclined at an 
angle of 45 ® with the jdate, and be nibbed in the same 
manner. Tlic emery should be fine, and the slide dij^ped in 
clean water occasionally, and then wiped to sec how the grind- 
ing 2>r()ceeds. To receive the excess of emery and nratcr, 
which is sure to csciq^e over the side of the plate, a cloth may 
be i>laced around it, or, what is best, is to laivc the jdatc 
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iixed into a block of wood in the same manner as a hone. 
If the edges require to be polished, after having been ground, 
they may be rubbed upon a flat piece of wood covered with 
buff leather that has been impregnated with putty powder, 
water being used in the same manner as with tlie emery. If 
a large quantity of slides be required, the process of grinding 
will be facilitated by employing a lapidary’s wheel or mill, 
charged with emery ; the polishing may also be done in the 
same apparatus by using a wooden wheel charged with putty 
powder. If the slides be intended to be covered with paper, 
the grinding of the edges may be dispensed with, as the paper 
will hide all inequalities of surface. 

ON CUTTING THIN GLASS FOR COVERS, ETC. 

The thin glass employed to cover microscopical preparations 
IS manufactured only by Messrs. Chance, of Birmingham, it 
may be procured of various degrees of thickness, from the 
one-twentieth to less than the one-hundredth of an inch; being 
unannealed, it must, on accomit of its brittleness, be handled 
with care. For cutting it, the board described at page 262 
for the thick glass may be used, or a smaller one, consisting 
of a t)icce of mahogany about eight inches long, three broad, 
and a quarter of an inch thick, with a raised edge, as repre- 
sented at c. The lines e f y, in front of the raised edge, 
should also be present, to indicate the length and Jbreadth ol* 
two slides of the size most commonly used, and to form a 
guide for cutting the covers. As it matters little if the covers 
be not cut exactly of the same size, one narrow ruler will 
generally sufiicc for all purposes. 

The diamond to be employed must be the writing one, 
having a sharp point, but the pressure exerted ought to be 
slight, as the thin glass, from not being annealed, is apt to 
break with the slightest touch ; should the operator, however, 
not be provided with a writing-diamond, the glass may be cut 
with a plough-diamond by laying it on a piece of plate-glass 
that has been wetted, a plan first adopted by Mr. Warington. 
riiis will fill up all inecpialities and cause an adhesion between 
them, and, with a little care, the diamond-point will out it, 
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but if the first stroke fail, the operation must be repeated 
until a scratch is made, as it often happens that, from the 
hardness of the surface of the unannealed glass, a plough- 
diamond will not readily mark it. 

To Cut Circular and Oval Covers . — This may be done 
cither by a machine in which a plane surface of wood, on 
which the glass is laid, is made to revolve in a circle or oval 
underneath a diamond-point, or by the writing-diamond ; 
in which latter case a model of the size of the cover will be 
required. In order to cut circles, the following plan has 
been adopted with great success by the author: — Six or 
more flat pieces of bmss, each about 1 J inch square and of 
an inch thick, are to be provided, each having a hole in 
its centre, the smallest hole to be about J an inch in diameter, 
that in a second of an inch larger, and so on, increasing by 
the same amount up to the sixth; each piece of brass should be 
marked with a number. One of these being laid upon the thin 
glass, and pressed firmly down with the linger, the diamond 
is to be passed round the margin of the disc, care being taken 
that, in the passing round, it be made to revolve on its own 
axis, otherwise the beginning and end of the cut will not 
join, a little practice will soon overcome this obstacle. By 
tills plan any odd pieces of glass may be cut up and put away 
in boxes, each being marked with the number of the brass em- 
ployed in the cutting. When oval covers arc required, 
pieces of .brass with oval holes may be used in the same 
manner as the othei's. When a number of discs of the same 
size are required, it is advisable to have the thin glass cut into 
strips a little broader than the circles arc to be, the circles 
when cut can then be readily sejiaratcd from the surrounding 
glass ; but should any difficulty arise, a few strokes made by 
the diamond through the largest and most attached parts, will 
readily cause their separation. Much of the thin glass used 
for covers is slightly curved, care, therefore, is required to 
select those pieces that arc the flattest, especially when the 
covers arc destined for cells containing fluid ; if they be not 
flat, the gold-size, or other material employed to cement thch* 
edges, will bo certain to run underneath them. When the 
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(idges of the covers, whether circular or otherwise, arc not cut 
siitBcicntly well to allow of the fragments being separated 
from them readily, but little pieces of glass arc left behind, 
a fine file rubbed over the edges, will make them smooth, 
and any of the cements will adlicre more firmly to them. 
For this purpose the cover should be held between the thumb 
and first finger, and only a small portion of the edge allowed 
to project above the fingci's for the file to act on at a time ; 
by these means there will be but very little risk of fracture. 

The methods above described arc very useful Avhen the 
operator is in possession of a writing diamond only; but the 
following very ingenious instruments have lately been con- 
^ trived for the express purpose of cutting 

circular covers. The first of these is the 
1 ^ invention of Mr. Shadbolt, and is repre- 

j sented in fig. 171. It consists of a cen- 

tral stem of steel wire, a a, sliding freely 
in a tube of brass, /a To the upper end 
of the wire Is attached a disc of ivory, e, 
and to the lower a small cylinder of box- 
wood, d; to the lower end of the tube, />, 
is fastened a jncce of brass, (?, througli 
which is made to slide a small triangular 
bar, fy carrying at one end a semicircular 
piece of brass, y, through which slides a 
steel pin, A, armed with adiaiifond point; 
the pin may be fixed at any rccpiircd 
height by the screw, /, and the bar also 
(when regulated for the size of circle to 
be cut) by the screw, J. The use of the 
instrument is obvious, the cylinder, dy being placed in an 
upright position upon the piece of thin glass, and the arm, /, 
adjusted to the required size of the cover to be cut, a finger 
of the left hand is to be placed upon the disc, c, and one of the 
right upon the edge of the larger disc of wood. It ; if this last 
be revolved, it will carry with it the arm, bearing the diamond, 
and a little practice will enable the opemtor so to regulate the 
pressure of the latter upon the glass, as to make a perfectly 
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even cut. Mr, Sluidbolt has lately done away with the dis(; 
of wood, A, and made the tube, much larger at that part, 
and given it an hexagonal figure, like that of D in fig. 172, for 
the fingers to act upon. This plan answers as well as the 
disc, and the instrument in consequence can be packed in a 
much smaller compass. 

An instrument somewhat similar to the above, but less 
costly, has for a long time been furnished by Mr. Darker, 
who has also contrived one of a more complete kind, 
which is fitted to the top of a box, and the central stem 
is supported by an arm, by wliich it is kept in a vertical 
position. The diamond is connected with an adjustable hori- 
zontal ami, and is made to revolve by means of two pulleys 
and a connecting band. The glass to be cut is laid upon a 
piece of plate glass, blackened on its under surface, Avhich 
forms part of the cover of the box, and the diamond is kept 
away from the thin glass by means of a spring ; but in order 
to render the instrument more effective, an extra finger and a 
central stem, to keep the thin glass in place, are required. 
On tills account, the ajqiaratus represented by fig. 172, as 
contrived by Mr. Thomas Ross, will be found to perform more 
readily. A bent arm of brass. A, is supported by means of a 
square block of wood upon a base, B. Through the collar, 
C, passes a stem, which is of octagonal figure at D for the 
fingers, and cylindrical at E. Upon this latter jiart slides a 
spring boxj F, having a piece of cork or india rubber at 
its free extremity. An horizontal arm, G, supporting the 
spring box, H, through which slides the stem, I, carrying the 
bar, K, of the diamond, L, is capable of being adjusted for the 
diameter of the cover by means of a screw. The use of the 
instrument is obvious ; the glass is laid upon the foot, B, and 
the proper size having been fixed on by means of the scale, M, 
the stem, E, is pressed down upon the glass firmly by the 
fingers applied at D. In order, however, to prevent the 
pressure from cracking the glass, the spring boxes, F and U, 
have been employed, so that however much force be applied 
at D, the diamond and central piece, F, only press upon the 
glass by the force of the two springs contained in the boxes. 
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As soon as a complete circle is marked by the diamond point, 
the fingers are removed, and the stem is lifted from the glass 
by the licliacal spring, lly this instrument, as by Mr. Shad- 
bolt’s, the glass to be cut is firmly fixed in the centre, and on 
this account a piece a little larger than the circle to bo cut is 
only required. 



Yhr, 172 . 
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CHAPTER III. 

aiETlIODS OF CEMENTING CELLS. 

There arc three principal mcthcKls of mounting inicroscopiciii 
preparations : — first, in the dry way ; secoiul, in some kind of 
preservative fluid, such us spirit and water, or Goadby’s or 
other solution ; and third, in Canada balsam. In the first 
method, all that is generally required is a slip of glass or a 
slide (as it is commonly termed), and a cover of thin glass ; 
but, in the second method, when the object is of any thickness, 
the fluid requires to be contained in some kind of reservoir, 
which is most frequently made of glass, and is called by micro- 
scojnsts a ce//. Of these, various shapes and sizes will be found 
necessary, but as all rcciuire to be fastened to a slide, by means 
of some kind of cement, it will be as well here to describe the 
most approved methods of conducting the operation. 

Method of Cementhtf/ Cells imthoot Heat , — Tlie thin glass, 
t he tubular, the drilled, and all the other forms of cells ])rc- 
sently to be described, may be fastened to a bottom glass 
or slide by means of one or other of the following cements, 
viz., a mixture of gold-size and lamp black, or gold-size and 
litharge or red-lead, or a solution of asphaltum in turpentine ; 
in all these teases, the parts of the cell that are to be cemented 
must be simply painted over with a tolerably thick layer of 
one of the above cements, and then be laid on the slide, and 
be put aside until the cement is sufficiently hard for the cell 
to be used, which will often require many days. 

Cementing Cells hy Heat — The most efficacious plan, how- 
ever, is to employ one of two substances known in commerce 
as Canada balsam or marine-glue, both of which must be 
Hqucficd by heat, and, to effect this, a simple apparatus, such 
as a small plate of slicet-iron, supported in some way or other 
over a lamp, must be provided. The size of the iron-plate 
should be large enough to hold slides three inches long by 
one wide ; it can be supported in various ways ; if the plate be 
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}il)Out five inches scpiare, it may very well be heated, either 
upon tlie ring over a chemical argand lamp, or upon one of 
tlie rings of a retort-stand, and a spirit lamp used. By far 
the best plan is to have a piece of wrought iron about six 
inches long, two and a half inches broad, and one-eighth 
thick, with small legs to support it, about three inches from 



the table; the legs for convenience of carriage (as shown in 
fig. 173) arc jointed, and under the table a spirit lamp is [)lacc(l 
to heat it. 

Whilst the plate is being made warm, the cell and the 
slide to which the cell is to be cemented, are to be laid 
upon it, and on the sides of the cell small pieces »of marine- 
glue, cut cither into lumps or shavings, are to be placed ; these 
must be watched, and as soon as they begin to melt, they may 
be moved one towards the other with a sharp-pointed instru- 
ment, so as to cover the whole of the surface which is to be 
cemented ; as soon as this is done, and the glue is seen to boil, 
the cell may be taken up with a pair of forceps and turned ovc;r 
upon the slide, and when it has been adjusted to its right jdace, 
it may then be firmly pressed down upon the slide with 
a piece of flat wood, so that all the superfluous glue, with any 
air bubbles that are present, may be 8qui‘ezed out. The 
cell may now be removed from the plate and placed upon a 
piece of wood ; before it gets cold the superfluous glue may be 
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scraped away easily with a small chisel, such as represented 
by fig. 174, or by a knife, but if this operation be left until the 



Fig. 174. 

cell is cold, the task then will be more difficult. As soon a.**' 
the cell is cold, a small quantity cither of a weak solution oi’ 
potasli, or even spirits of wine, may be j^oured into it, and all 
the small particles of glue removed first with the chisel, and, 
secondly, with a chiscl-likc piece of wood, having a thin 
piece of rag over it, so that the cell may be freed both from 
the cement and from any greasy matter that may be present 
(care being always taken that the glass be not scratched). 
The cell may how be rinsed out with clean water and wiped 
dry, first with a cloth or an old cambric handkerchief, and 
finished with chamois leather ; it is now ready for use. 

When the glue has been heated too much, it turns black, 
becomes tough, and will not stick to the glass ; when this has 
happened, it is better always to take away the cell, scrape off 
all the old glue, and begin afresh, than attempt to cement 
it with glue that has been over-heated and lost its fluidity. 
As soon as the glue boils, no time should be lost in laying 
down the cell in its proper place. Sometimes small black 
gritty masses are present in the glue, these should be re- 
moved whilst the melting is going on, as when they arc left, 
unless they can be crushed by pressure, they will prevent 
the cell from coming down flat on the glass, and often large 
air bubbles will appear when the pressure is taken off. There 
arc many kinds of marine-glue in use, but the best l‘or 
cementing cells is that known in commerce as G. K. 4, this 
melts at a temperature some few degrees liigher than that 
of boiling water, the harder kinds get brittle by keeping, and 
their melting point is much higher. While the plate is 
warm, and all the materials arc at hand, it is best to cement 
a number of cells, all of which may be cleaned and put by 
ready for use, as it will be found in practice necessary to 
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have several sizes In store, that an object may be mountoil 
speedily, for niany valuable things are laid by and forgotten 
when the trouble of making and cleaning a cell has to be gone 
through before the mounting can be accomplished. 

To Cemmt Cells with Canada Idalsam , — The iron plate, the 
spirit lamp, and the tools mentioned in the article on cement- 
ing cells with marine-glue, will all be as requisite for the 
Canada balsam as for the former material. The plate is also 
to be warmed, and I he cells laid on it, as there described, but 
upon the sides of the cell some old but semiHnid Canada 
balsam is to be tilaced. As soon iis it shows the least sym]>tom 
of boiling, which is known by the disappearance of all air 
hubbies, the cell may be taken up with the I'orceps and laid 
upon the slide, pressed to get rid of the siir[)erfliK)Us balsam, 
and then set aside to cool; the superfluous balsam may be 
removed with the knife or chisel, and the (‘ell may be cleaned 
with a rag, di[)ped either into turpentine or ether. To get rid 
of these, the potash or ak^ohol may be substituted, and when 
the cell is rinsed out with clean water, and wi[)ed dry with a 
rag and chamois leather, it is ready for use. Canada balsam 
is not so good for the cementing of cells as the marine-glue, 
in consequence of its getting brittle by age ; some consider- 
able care even is required in handling pre 2 )arations that have 
been mounted only a few years, as the least jar or bending of 
the slide to which the cell is cemented is often attended with 
a separation of the balsam. • 

It should always be borne in mind that the heated slide to 
which the cell luis been cemented must not be touched with 
a damp hand, neither should it be laid on metal or anything 
wet, as the glass, when suddenly cooled, is vciy apt to crack. 
If the upper part of the cell be uneven, it should b(^ 
nibbed on the metal plate described at page 264 until it is 
pm-fectly level, as the success of the opc^ratiori of cementing 
down a cover will materially depend upon this [loint. 
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CHAPTER IV. 

ON CEMENTS. 

The cements employed to fasten down the covers of cells and 
boxes for containing microscopical preparations mounted in 
fluid, are of many kinds, the most useful of them being as 
follows : — 

Japanw^rH^ Gold-Size . — This consists of a mixture of boiled 
linseed-oil, dry red-lead, litharge, copperas, gum animi, and 
turpentine; the first and last ingi’eclients being its principal 
constituents, it can be purchased at most shops where varnishes 
are sold, but, as its drying properties increase with its age, it 
is necessary that it be two or three years old before it is 
employed. It should be laid on with a camel or sable-hair 
pencil, and bo kept in a wide-mouthed or other vial, closely 
corked. A thin coating should be laid on at first, and when 
this is dry another rather thicker. If the gold-size be vei*y 
thin, a small q\iantity of lamp-black or litharge may be mixed 
with it on a slab by nietins of a palette knile, and as tliis 
mixture very soon dries it should be used quickly. The brush 
cm])loycd with cither of the above cements may be cleaned 
with turpentine. 

Sealiny-wax Varnish , — This is made by dissolving sealing- 
wax of any colour in alcohol, it having previously been broken 
into small pieces. This cement is not so good as the gold-size, 
in consequence of not sticking readily to damp surfaces, but 
it forms an excellent material for giving a shiny coloured 
coating as a finish to the mounting of an objects. It is laid on 
with a small bmsh, and should be tightly corked to prevent 
the spirit from evaporating; the brush may be cleaned with 
alcohol. Some persons prefer shell-lac to sealing-wax for a 
cement, but it will be found rather too brittle ; the method 
of using and keeping it is the same as in the case of the seal- 
ing-wax. 
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Aaplialtum, — This, whicli forms a very good eemeiit, is madtj 
l)y dissolving Egyptian asphaltum in boiling linseed-oil or in 
turpentine; it answers very well for the first coating, but lias 
not sufificicnt body, unless mixed with some solid material, to 
form the entire mass of cement around the covers of objects; 
it is of a fine black colour, and as such will serve for the last 
or finishing coating. A solution of this substance in tur- 
pentine will make a good cement for fastening cells to the 
glass slides, instead of the marine-glue or Canada balsam, 
having this advantage, that spirit may be employed as the 
[ireservative fluid without injury to it. 

Canada Bal.mm, — A solution of this substance, either in 
(‘iher or turpentine, evaporated to such a consistcnc(i as is 
sufficient to allow of its being laid on with a caniers-hair 
pencil, has b^n recommended by Dr. *1. W. (Jriffith as a very 
good substitute for the gold-size; a mixture of lamp-black 
and Avhite hard varnish, when laid on immediately, he also 
<;onsiders a good cement. 

Alarine-Glue . — This most useful cement, the invention of 
Mr. Jeffery, is composed of a mixture of shell-lac, caoutchouc, 
and naptha; many kinds arc made, but that known in com- 
merce as G K 4 is the best for microscopic purposes; a solvent 
for it is supplied at the manufactory,* and will be found of 
great service to those who wish to construct any of the larger 
kinds of cells or boxes. When about to be used, the glue 
must be cut into thin slices, laid on the glass, and heated 
until it begins to boil, or a hot iron may be placed on one of 
Ihe surfiices of the glass until the same effect is produccHl ; if 
any gritty particles be present, they must be removed. To 
ensure a firm connection between two surfaix's of glass, both 
must be well warmed, otherwise the glue will stick to one and 
not to the otlM$r. The excess may be removed readily before 
it is quite cold by means of the chisel described at page 272, 
and all trace of the remainder by the employment of caustic 
l>otash, care being taken that none of the latter be left in 
contact with the glue, as it is apt to insinuate itself between 
* Commercial Koad, Limehouse. 
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the two cemented surfaces, and cause their separation in a 
short space of time. 

FAcctrival Cement — A very useful cement for some purposes 
hereafter to be described, is made by melting together ten 
ounces of resin and two ounces of bccs’-wax, adding two 
ounces of red ochre and a teaspoonfull of plaster of Paris ; 
this cement is generally employed for fastening brass or wood 
to glass in all kinds of electrical apparatus ; it must be used 
when hot, and can readily be fashioned into any shape before 
it gets quite cold. Another very excellent but less brittle 
cement is made by melting together two ounces of black resin, 
one ounce of bees -wax, and one ounce of vermilion; this will 
be useful for making the thin flat cells described at page 288, 
as well as for many other purposes. 

Several other cements will be retjuired occasionally by the 
microscopist, viz., a thick solution of gum arabic in water, to 
which a small quantity of essential oil has been added, to 
prevent it from fermenting and becoming sour; also, the 
sa,mc powdered and dissolved in acetic acid or distilled vine- 
gar; as a substitute for these, the liquid sold by Messrs. 
Ackermann as diamond cement will be found of great value, 
both as a cement and as a fluid for mounting some kinds of 
objects. Mastich varnish is also very useful for cementing 
opaque objects to discs of cork or leather, or to any of the other 
kinds of surfaces on which they are intended to be mounted. 

For covering slides with paper, common paste is a good 
cement, but as It soon gets mouldy and sour, the following 
mixture, employed by Mr. Jackson, is a good substitute: — 
Powdered gum tragacanth, 1 oz. ; powdered gum arabic, 
2 oz. ; white sugar, 2 oz. ; mixed and kept in a dry state. 
When wjuited, mix up a small quantity with water by means 
of a brush, called by painters a fitch tool^^ and if what is not 
used be kept in an open shallow vessel, it will dry before it 
becomes mouldy, and may readily be rubbed up again with 
Avater. 

White-lead, ground in linseed-oil, will bo required for 
making the cells described at page 286; this should be old, 
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but free from all rough particles ; it may be mixed up on a 
slab with a small quantity of gold-size, and if a little litharge 
be added, it will dry more readily. * 

Besides the above described cements there are a few others 
so useful as to require mention here. The first of these is 
known in commerce as SuyrjiWs Liquid Jet; it is said to 
bo a solution of bituminous shale in naptha: tins cement 
dries in a few minutes and is admirably suited for making 
thin cells as well as for securing their covers, neither spirit 
nor turpentine act upon it. It should be kept tightly corked, 
and only a small quantity exposed at a time. 

Coachmahers^ Black Varrdsh may be employed as a substi- 
tute for the above, but it does not dry quite so quickly ; this 
can be obtained of any varnish maker ; but that sold by Mr. 
Penney, 251, Tottenham Court lload, is very excellent. 

Black Jayan is a good cement for making thin cells by 
Mr. Shadbolt’s machine, described in page 288; it possesses 
the property of becoming very hard and tough by cxpfNurc to 
a gentle heat in an oven. Tlie cells of Mr. Tojiping, also 
described in page 288, arc prepared of this material. 

In all cases where any of the above described cements are 
used, it must be borne in mind that too much should not be 
laid on at once, a thin coating at first, and a thicker when the 
first is dry. 
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CHAPTER V. 

* 

ON PKESKUVATIVE FLLI1).S. 

'Fite preservative fluids, like the eements before described, 
rc(piirc to be varied according to the nature of the structures 
they may be em])loyed to conserve ; thus, for instance, a solu- 
tion of salt, .aluin^ and eoiTosive su’jlimate in water, that will 
keep most fleshy substances, will destroy others that contain 
bone; hence it becomes necessary to select a ditferent fluid 
for each of these structures, and of all the various kinds that 
have hitherto been emplojed, with the single exception of 
s])irit, there is no one kind that is universally applicable; for 
large preparations, proof spirit will answer every purpose ; 
but as this is rather too strong for most of the cements used 
by the microscopist, it has been ascertained that for all delicate 
structures there arc certain proportions of alcohol and distilled 
water that will be sutticuent to ])rescrvo them, and will not 
act in any way either on the marine-glue, gold-size, or asphal- 
tiirn. The following fluids will be found the most generally 
useful. 

Spirit and Distillrd Water, — In the proportion of one ounei^ 
of aleoliol (}()'’ al)ov(! proof, to five of distilled water, a fluid 
may be made that is capable of preserving not only in jections, 
but the elementary tissues both of animals and vegetables, but 
all the colours of the latter will be destroy (‘d. 

Acetate of Alumina. — This, when dissolved in distilled water 
in the proportion of one ounce of the former to four of the 
latter, will preserve even very delicate colours, and when 
injected into the blood vessels of animals, is said to prevent 
dceom|)osition, and forms the so called G annul process, em- 
ployed very much on the Continent for the preservation of* 
animal structures on a large scale. 

Goadlff/s Fluids. — The first of these, and the one for which 
Mr. (foadby was ixuvardcd by the Society of Arts, consists of 
four ounces of bay salt, two ounces of alum, four grains of 
corrosive sublimate, and two quarts of boiling water ; these 
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ingredients are to he well stirred, and the solution very finely 
filtered. These proportions fomi a strong fluid, but, if neces- 
sary, a much larger quantity of watc» may be added without 
any diminution of its preservative qualities. Another kind 
consists of three pounds and a half of bay salt, seven grains of 
corrosive sublimate, and six quarts of water ; this fluid, from 
containing no alum, is not so liable as the former to act on 
such structures as shell and bone. Another kind, called the 
amenical solutioiiy is made by mixing together two drachms ol‘ 
arsmiious acid, three poiin<ls of bay salt, and six quarts of 
water; to dissolve the arsenic, it should be boiled with a 
portion of the Avater in a tin saiieej)an. All the above fluids 
should be carefully filtered before they arc used. 

Solution of Creosote, — Creosote does not readily mix Avith 
water, but if in a very minute state of division it may be 
suspended in it: one way of getting a solution is to mix it 
with water in a retort and distill, the Avater will come over 
highly eliarged with it. One obje(*tion, hoAvevcu’, to the use of 
this solution is its tendency to quit the Avater and adhere as 
a <leposit to the sides of the vessel in which it is contained. 
Mr. Thwaites, of Bristol,* recommends a fluid into Avhich 
crc'osote enters as an ingredient for the pm’j)08c of mounting 
|)r(‘parations of algjc; it is made as folloAVs; — 

Mr, Thwaites^ Fluid, — To sixteen parts of distilled wfit(U’ 
ad<l one part of rectified spirits of Avine and a fcAV drops of 
creosote, sufiicient to saturate it, stir in a small quantity of 
pro])ared chalk, and then filter: Avith this fluid mix an equal 
measure of camphor-water (Avatcr satiiraicjd Avith camphor), 
and, before using, strain off through a fine piece of linen. 

For the same purpose Mr. Kalfs recommends the following, 
viz., bay salt and alum of each one grain, to be dissolved in an 
ounce of distilled Avatcr. Mr. Kalfs also informs us,t that 
Mr. Sidebotham employs distilled Avatcr alone for mounting 
delicate specimens of algSc, and Avhen the last coat of cement 
is nearly dry, he applies a fine bronze with a can)el’s-hair 
poiuril. 

* Kalfs' Desmidiew^ page 40. 

1 Op. i ’i7., page 42. 
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Ghfcerme, — Thin fluid (the sweet })i-incij)lc of fiits and oils), 
lattily rec^oiniiKaidcd by Mr. VVarington for preserving delieatc* 
aninuil and vegetable tissues, has many advantages over other 
fluids, not only in keeping the green colours of infusoria, but, 
as it evaporates very slowly, it may be employed in cells 
without so much care being necessary in the cementing of 
their covers. It is miscible with water in all projiortions ; 
the most convenient strength for use will be tnie jiart of 
glycerine to two of distilled water; if made weaker than this, 
eonfervie will readily grow in it when exposed to the air, but 
not. when sealed up in cells. If pure glycerine be employed 
it will act on the marine-glue, and from its highly refracting 
j)roperties, many delicate structures will be entirely lost in it, 
as in Canada balsam, '^Fhe best glycerine is procured in the 
manufacture of lead jjiastcr (the emplastrum plumbi of the 
Pluirmaeopucia) ; it also remains in great abundance after the 
formation of soap ; but in this latter case it always is mixed 
with some free alkali, which renders it unfit for use. 

Casio?' Oil was first recommended by Mr. Warington, in 
1844, as a medium for mounting certain classes of objects, 
especially crystals; he has also found that it answers ecjuaJly 
well for minute fungi and parasitic insects ; bijfore being eni- 
])loyed, it should be carefully examined, to see that it be per- 
fectly free fj*oni all crystalline dejiosit. 

Chromic Acid is useful for mounting some very delicate 
jircparatioiis ; it was first used by Mr. Warington, in 1 842. 
as a preservative agent, being part of a patent for a new mode 
of tanning ; it has since been employed by Mr. Bowman and 
M. Briicke to harden the vitreous humour of the human aiul 
other eyes, in order to detect its real structure. Chromic, 
acid may be procured in the crystalline state, and should be 
ilissolv(‘d ill so much water as will render the tint of the 
solution a pale straw colour. A much weaker solution than 
this will keep most animal tissues. 

Salt and I Cater , — A solution made in the proportion of five 
grains of salt to an ounce of distilled water will answer for 
keeping very many ariiinal and vegetable structures ; it was 
first recoiimieiidcd by Dr. Cook, more than twenty years ago. 
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AVe arc told that Air. J. T. Cooper,* in the course of* a series 
ot* experiments to dcternilne the best fluid for preserving 
coloured tissues, also found that salt and water, to which 
acetic acid had been Jidded, succeeded extremely well for this 
])urpose ; such a mixture will also answer for most minute 
vegetable tissues, "fhe great objection to the use of all saline 
fluids is the growth of confervic which takes place in them; 
this may, in a great measure, be avoided by the addition of 
a few drops of creosote, or a small quantity of camphorated 
Avater. 

Nffptha. — This, when mixed in the proportion of one part 
to seven or eight of water, will make a good preservative 
solution; the author, by accident, having placed in Avatcr 
som('. portions of skin to macerate, that had been coarsely 
injected with a material into which najitha entered rather 
largely as an ingredient, Avas surprised to find them perfectly 
free from decomposition even after the lapse of many Avecks; the 
water Avas impregnated with naptha, and the specimens Avere in 
excellent condition, having undergone little or no change. 

General Direetiom, — It may here be stated, that for all large 
specimens, such as injections, the spirit and Avater, or 
(ioadby’s first solution, maybe used; and for others, cither 
the creosote or glycerine solutions, as those containing saline 
matter, when placed cither between glasses simjdy, or in the 
thin glass cells, are apt to crystallize slowly, and interfere 
Avith the objects that arc mounted in them. Cloadby’s solu- 
tion, containing salt, alum, and corrosive sublimate, Avill keep 
animal structui’es that have been injected with size and ver- 
milion exceedingly well ; but those in Avhich the vessels arc 
filled with flake-Avhitc will have that substance destroyed in a 
fcAv hours; in these cases, cither the arsenical or the spirit and 
water only should be employed. The glycerine fluid, Avhen 
kept for some time, is apt to become mouldy ; it should, there- 
fore, be mixed in small quantities, and tlum only a few hours 
before it is required. When objects arc to be mounted in 
either of the above fluids, it must be laid doAvn as a rule that 
they should have been soaking for some hours in the same 

* Microscopical vul. i., ptigo lf»4. 
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fluid, or in a fluid of* a similar kind ; this should be more par> 
tieiilarly attended to when the preparation has to undergo 
dissection in water previous to its being mounted. It has 
often haj>pened to the author to find a prepanition that had 
been dissected in w.ater, and mounted In a cell in spirit and 
water immediately after, completely covered over with small 
air bubbles in a few hour% from the slow admixture of the two 
fluids. With Goadby’s solution it does not so often happen, 
but with this a white sediment will be sometimes deposited in 
the bottom of the cell when the preparation has been soaking 
in spirit for some time previously. When the operator has 
more than one specimen of a rare kind, he should not confine 
himself to mounting them all in one fluid, but should try such 
others as in his opinion may be likely to succeed ; a note of 
tliis should be made at tlic time on the glass slide, and the date 
of the mounting also jdaced thereon ; such records will be of 
great service as guides to future operations. 

In addition to the fluids employ(Kl for the preservation of 
objects, there are certain agents now coming into use whicrh 
arc solid when cold. The first of these was suggested by IVIr. 
Wcnhani, and consisted of a mixture of gelatine and treacle; 
this has since been improved upon by Mr. II. Deane, who, in a 
j)aj)er lately read before the Microscopical Society of London, 
recommends the following: — Gelatine, 1 oz. ; water, 4 oz. ; 
honey, 4 oz. ; rectified spirits of wine, ^ oz. ; creosote, 6 drops. 
The gelatine is to be soaked in water until soft ; the honey is 
to be raised to the boiling heat in another vessel and added 
to the moist gelatine ; the whole is then to be made boiling 
hot; when it has somewhat cooled, but is still perfectly 
fluid, the creosote and spirits of wine, previously mixed 
together, arc to be added; the whole is then to be filtered 
through fine flannel; when cold, the composition is in the 
form of a very stift’ jelly, which, on being slightly warmed, 
becomes perfectly fluid. A mixture of gelatine and glycerine, 
as suggested by Mr. Dc la line, will also answer the same 
purpose. The mode of using these agents will be described in 
the chapter devoted to the mounting of objects in Canada 
biiJsam. 
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CHAPTER VI. 

METHOD OF MOUNTING OBJECTS IN FLUID. 

0 

All very delicate animal and vegetable tissues, to exhibit 
their structure cleaidy, should not be inountcd in the dry way 
or ill Canada balsam, but in some preservative fluid, such as 
spirit and water, Goadby’s solution, or one or other of* the 
11 aids which have already been enumerated. 

The most minute structures, such as the vessels of plants, 
the muscular and other tissues of animals, requiring in all 
eases exceedingly high powers for their due exhibition, must 
of necessity be preserved in very thin cells, witli a small 
amount of fluid. 

The best method is as follows: — Take a slip of thin plate 
glass, of the size adopted by the IMicroscotiical Society, viz., 
three inches long by one broad, or any other convenient size, 
and alter having cleaned it thoroughly by washing with a 
dilute solution of caustic potash, to remove all grease, let it 
be laid flat, and a dro[) of one or otlier of the preservative 
fluids presently to be enumerated placed upon it; in this the 
ol>ject is laid, and after having been properly spread out with 
the needle point, it is ready to receive its cover of thin 
glass. This cover should be selected with care, and be as 
thin and flat as possible; when freed from all grease by 
being rubbed with caustic potash, it should be wiped witli 
a clean cloth or chamois leather, and when finished must 
be held in the middle, not with the fingers, but with forceps. 
The next part of the process is to toucJi its edges slightly 
with one or other of the cements before enumcirated (the 
simple gold-size will be found to be the best, as it is most 
free from colour), the cover being held with the forceps, the 
lirush or finger with a very small (piantity of the gold-size, 
may be gently passed around each edge. This being done 
the next step is to lay the cover ui)on the object, whicli 
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is effected by dropping the cover gently upon the fluid, and 
pressing it lightly to exclude all the excess, and to leave only 
a thin stratum intervening between the two 
glasses ; the excess may be removed either by 
drawing it away by the sucking tube, fig. 175, 
or by small slips of blotting-paper. After this 
operation ig finished, a thin layer of cement is to 
be placed where the edges of the cover come iu 
contact with the bottom glass ; when this is dry, 
another thin layer may be put on, until the angle 
between the two glasses is nearly filled up. The 
use of ai^pinting the edges of the cover with the 
cement before laying it on the fluid is to prevent 
its getting wet, and by that means hindering the 
cement from sticking. Care must be taken to 
exclude all air bubbles from between the cover 
and bottom glass, otherwise the cement will j’un 
in, cs])ccially when the bubbles arc near the 
edge; should too much of the fluid have been 
drawn out from between the glasses, and an air 
bubble be left, it is then necessary to add a little 
more of the fluid at the edge where the bubble 
is, and it will then run in and occupy the place 
of the bubble, and the excess of fluid may be 
again taken away in the manner before described. 
Objects mounted in this way seldom keep very 
long, and when once an air bubble has made its 
Fi«r. 175, appearance, it becomes necessary that a watch 
should be kept upon it, lest the cement also run 
in and spoil the specimen. When an obje(.*t possesses any 
appreciable thickness, it is by far the best plan not to mount 
it in this manner, but to adopt one or other of the following 
methods, in all of which a small reservoir is employed to 
contain both the fluid and the preparation ; this reservoir Is 
termed a cM; various forms of these, which will be particu- 
larized as the thin glass cell, the concave, tubular, and drilled 
cells, with many others, here require separate mention. 

In oixicr to prevent the cement employed in the flat cell 
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from running in to spoil the object, the author’s late brother, 
Air. Edwin Quekett, adopted the plan represented by fig. 176, 
wliicli was to take a piece of writing paper, about one-eighth 

of an inch snialler 
each way tliaii the 
cover to be em- 
ployed, and from 
the middle of this 
to cut a s(piare or 
circular hole suf- 
iiciently large to 
hold the object. After the fluid had been placed on the slide, 
and the object deposited in it, this paper cell was also placed 
in the fluid, and when adjusted to the centre of the slide, the 
cover was laid on in the usual manner, the paper preventing 
the cement from running beyond it to obscure the object. 
Following out this principle, Mr. Darker has ingeniously con- 
trivc<l a cell of the form represented in plan by A II, flg. 177, 
and in section by C. These cells arc east in glass of the size 

represented by A B, and, 
in order to prevent the 
cement from running in, 
the sides arc constructed 
as shown by G I) I> ; B 
being the outer margin of 
the cell, 1) a flat surface 
for the cover to rest on, 
and G a groove between it and the inner margin. These cells 
are cemented to the slides in the usual manner, cither with 
marine-glue or asplialtuin dissolved in turpentine, the method 
of cementing down the cover is the same as in the other fonns, 
a small quantity of gold-size being applied around its edge 
cither with a brush or the finger before it is placed on the fluid 
within the cell; should there be any tendency in the cement 
to run under the cover, it must first fill up the groove before 
it can get into the cavity where the object is. The under 
surface of this form of cell can be ground sufficiently thin to 
enable a quarter of an inch object-glass to view any object 
contained within it. 




Tig. 176. 



286 


MANIPULATION. 


The Concave Cell — This consists of a slide of plate-glass, 
rather thicker than ordinary, in the centre of which a concaA c 
cell or pond has been ground out, and cither left in the rough 
state or polished ; it may be either of the form represented in 
lig. 178 or fig. 179, and the method of mounting objects in it 

is the same as in the fiat 
cell; a thin layer of the 


rig 178. 


— gold-size or otlier cement 


Vlr. 171 ). 


is to be j)laccd around tluj 
margin of the cover as in 
the case of the flat cell, and 

excess wij)ed oft* with 

the finger. The fluid is to 
be placed in the concavity, 
and the cover dropped on as in the preceding descriptions, but 
the cover should be so much larger than the cell, as to leave a 
margin of one-eiglith of an inch around it. T"his form of ci;ll, 
when polished, does very well for many objects where accurate 
definition of tho surface only is rettuired ; and, when unpol- 
ished, is most useful for thin opaque ol)jects, such as pieces 
of injection, leaves of plants, &c., &c., that are too thick to be 
mounted between two flat pieces of glass. 

White Lead Cell — A very convenient and durable form of* 
cell may be made by s])reading some old white lead, tliat has 
been ground in oil, on one of the slides that measure tliree 
inches by one, taking care to leave an aperture or pond in 
the centre a little larger than the object; the lead may be laid 
on of a thickness equal to that of the object. Spirit and waUa*, 
or other fluid, is to be placed in the pond, and the object de- 
posited in it ; the thin glass cover, which should be as large as 
convenient, is to be put on obliquely, and pressed firmly don n 
into the white lead, taking care to exclude all air bubbh‘s. 
The author has objects in his possession, quite perfect, which 
were mounted eleven years ago. Mr. William Valentine, who 
has ado})ted this plan for many years with complete success, 
uses a little trowel of box or other hard wood of the shape 
represented by fig. 180 to plaster down the white lead and 
press the glass, and a more convenient instrument for the 
jmrposc cannot be devised. When Mr. Valentine first com- 
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inoiiccd this pliin of mounting, thin glass was not to he met 
with, he was therefore obliged to use a stout piece of mien ; 


Fig. ISO. 

Avith this his objects have kept jicrtect lor many years. Mr. 
Ilollaiul, whose name lias been frcipieiitly mentioned as the 
inventor of the triplet object-glass, has rei^ommendcd * a e(*ll 
of the form represented by fig. 181, as useful for many objects 
that require a high power, a h 
exliibits a glass slide, on which is 
painted, Avith Avhite lead (Avorked up 
Avith one part linseed-oil and three of 
spirit of turpentine), a pond or C(‘ll,c c, 
Fi<r. 181. enclosing a space, d. Glasses so iire- 

jiared Avith cells of any size or shape 
must be allowed to dry liefore they arc used. The method 
of mounting objects Avithin this form of cell is thus described: 
— “ A drop of fluid containing the object is placed Avitliin 
the sjiace d, and a piece of mieji of the same size as the 
part painted drop[)cd on the fluid; but care must be taken 
that the drop be not in sufficient quantity to touch the inner 
margin of the cement. That being accomplished, take some 
almond oil in a hair pencil, and pass it lightly ^nd slowly 
round the edges of the mica: the oil will insiiuiatij itself 
under it, and Avill siiiTOund tlie object Avithout mixing ivith it. 
When the oil is cleaned off*, a coating of the white lead may be 
laid round the edges of the mica, extending about onc-tenth 
of an inch AvIthin and without it.” 

The two folloAving methods of mounting very delicate objects, 
such as Dcsmldicic, have been recommended by Mr. Thwaites-f 
The first consists in marking out on the glass slide a cell of the 
required shape Avith gold-size, thickened either Avith litharge, 
red-lead, or lamp-black: these materials are to be mixed 

* xlvlii., Transactions of the Society of Arts^ p«ge 123. 

Kjilfs* Desmidieep^ page 40. 
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together on a slab and laid on the slide as soon as possible, as 
this mixture quickly becomes hard. In the second, when* 
deeper cells arc necessary, marine-glue is used: this must be 
melted and droi)pcd upon the slip of glass, and flattened when 
warm with a piece of wet glass, and w hat is superfluous cut 
aw'ay with a knife, so as to leave only the walls of the cell ; 
these, if they have bet^ome loosened, may be made firm again 
by warming the under surface of the slip of glass. The sur- 
faces of th(‘sc cells may be made flat by rubbing them on the 
metal plate with emery and water. The ])lan of laying down 
and of cementing the thin cover is the same as that for the 
flat and other cells before described. 

JVlr. Topping prepares cells for receiving minute prepara- 
tions ill the following manner: — lie takes a slij) of ghuss and 
lays on it two thin ])icces of mahogany of the size of the glass ; 
each has a hole of the required figure cut in the centre ; in 
one piece the hole is the size of the outer margin of the cell, 
in the other of the inner margin. Those, when laid over the 
ghiss, alFord the means of marking out with a wnuting diamond 
the space to be occupied by the cell, w hich must be filled iq) 
with black japan. The glass is now' to be transferred to an 
oven, the heat of which should be raised gradually to prevent 
the japan from blistering, and if care be taken in this part of 
the process, a cell so made wdll resist the action of proof spirit. 
For the construction of cells for mounting objects in fluid, the 
following ycry simple and efficacious method is adopted by 
JVIr. (t. Shadbolt, having the threefold advantages of neatness, 
ra])idity of execution, and great economy. 

It frequently hapi)ens that it is desirable to preserve in fluid 
an object of such extreme thinness, that even the thin glass 
cell is too thick, such as the cuticles of some vegetable pre- 
parations, dcsmidica^, &c. To make cells adapted for such pur- 
poses, and others somewhat thicker, as a complete substitute 
for thin glass cells, a little instrument contrived by Mr. Shad- 
bolt, and shown at fig. 182, wdll be found highly useful. It 
consists of a piece of well -seasoned mahogany or other wood, 
about an inch in thickness and of about 9 inches by To 
this are attached tw'o flat mahogany wheels, a a, both ^ inch 
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thickj and inches in diameter^ which are made to turn 
together, and in opposite directions, by means of a silken coid 



crossed. A handle, A, is attached to one wheel, and a little 
springs c, formed like the letter Y, to the other ; this spring 
is capable of being raised by pressing the tail of the Y. An- 
other piece of maliogany, is attached to the base, so as to 
surround about one-third of tlie wheel carrying the spring, 
and should be sufficiently thick to be slightly elevated above 
the said spring; this is intended as a support to the hand. The 
screws or centres on which the wheels move, e e, must not 
project in the slightest degree beyond the wood. A few cir- 
cular lines, from an inch, as the extreme, to any smaller size, 
should[ ^^«.^i^wn on the wheel with the spring. Having raised 
the Y &Pnng, by pressing the ei^, place on the wheel a slip 
of glass of tho^sual size, and adjust it so that none of the cor- 
ners project ; If the wheel be made of the size named (3| 
inches), it wil^hen be centred in one direction, and may bo 
readily perfectly by means of the largest rmg dmwn 

on the Having dipped a camefs hair pencil into some 

appropriate ^eem^t, hold it to the glass, at the same time 
causing th|f latter to revolve, by , means of the i^cond wheel 
with the l^ndle^ a very neat circular cell will thus be formed. 
The bes1f^kind8 of cement for this purpose are either the 
asphaUe cement, described page 275 of this work, or the 
japannersVgold size, or a mixture of the two in equal propor- 
tions. If one coating be not thick enough for the ppLrpose 
intended, another can be laid on as soon as the first is dry, as 
there is no difficult in centetin^r; lijpt making cells with the 
sisphalte cement, a epating of should always be laid 

on at last, in order to prevent too brittle, and the 

19 -w 
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first coating is always best of asphaite alone> as it adheres 
more strongly to the glass than the gold-size> which is apt to 
peel off unless it is hahed^ as soon as the first coat is laid on. 
This apparatus is also of great assistance in cementing on the 
covers^ both of the cells made by it and also of the ordinary 
glass cell^ as they are not only cemented on much more neatly 
than by hand, but what is of more importance, with less dan- 
ger of disarranging the contents. 

Mr. Shadbolt has also a method of making cells of greater 
thickness, of marine-glue, mentioned at page 275 ; his process 
is as follows : — Having procured two fill slabs of about 6 inches 
square, of marble, glass, or earthenware, as flat as possible, 5 
gun punches, the largest being ^ of an inch in diameter, and 
the smalle^ f of an inch, the others intermediate, also a small 
pipkin ; a little of the glue is gently melted in the pipkin, the 
tw'o pill slabs are then wetted with cold water, and some of 
the melted glue is dropped on one of them, and the other is 
immediately pressed upon it, so as to force it into a thin sheet, 
the thickness depending on the amount of pressure. In a few 
moments the slabs may be separated ; . sometimes they adhere 
so strongly, notwithstanding the water, that the assistance ofn 
a large dinner knife is requii;pd to disunite them. ' 

When a sufficient number of sheets has been thus foriu ^9 
lay one on a piece of fiat wood or cardboard, and with Ibe largest 
punch pressed on it, cut it into a number of discs ; with the 
second sized punch cut out the centre of these, leaving only 
rings of glue ; the third sized punch may be used on the smaller 
discs cut out of the large ones, and so on to the smallest ; thus 
jfhi/r sized rings will be formed. It is now necessary to harden 
the rings of glue, and to fix them to the glass slides, which may 
be both done at one operation. Place the requisite number 
of glass slips on a tray or piece of wood, and make diem 
tolerably hot in an oven; as soon as they are taken out, 
carefully drop a ring of glue on each, in the exact place where 
required, the rings of glue will immediately melt, and by 
keeping up a gentle warmth may be made as hard as is 
derired ; they will also be very firmly atta4Aed to the glass by 
tlJf process. The slides must be kept the whole time , in a 
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horizontal position^ to prevent more of the glue getting on one 
side than the other. When allowed to cool, but before 
becoming quite hard, a piece of cold glass should be pressed on 
the top of each ring, and left there rill cold; this is to cause 
the ring to be quite ftat at top, ready for the reception of the 
cover. On pulling the glasses apart, it will be found that the 
glue will readily separate from the glass that was cold, and 
remain firmly fixed to the other. The covers can be cemented 
on when the cells are filled, by means of the apparatus pre- 
viously described. • 

The Thin Glass Cell — ^Thecellrepresentedby fig. 183 was 
first employed by Mr. Gxnrfby, and consists, as its* name 
implies, of a piece of thin glass, such as is 
used fot covers, about three-qu&ters of an 
inch square, out of which a round hole, 
varying from one-half to five-eighths of an 
inch, has been drilled. In order to make 
this useful, it is |o be cemented to one of 
the slides of plate-glass with marine-glue, 
in the manner previously described at page 
1. Aftet the cell has been properly cleaned, as there 
directedj it is tCady to receive tl^e intended object, which is to 
be mounted' at follows: — A small quantity of gold-size is to be 
placed upon th# margins of the cell, and as much as possible 
wiped off witti^ihe finger (taking care that the size is wiped 
away from the^lc of the cell and not towards it);* the fluid 
in which th^'llteject is to be mounted must now be placed in 
the cell (and 'it Is always a good phm to put in rather more 
than is used)^'' and after the obj^t has been properly arranged, 
the cover previously cleaned and anointed on its edges, as in 
the case of the flat cell, is to be laid on the fluid and pressed 
down, and the exc^s removed from its edges by the blotting 
^per or sucking tube, and the cement laid on in the manner 
before deseribed. When these cells are not sufficiently thin, 
they may be readily made so by rubbing them down on the 
metal plate describe in page 264, with so^e^ne emery and 
^Yater. It is a good plan always to gi^e*®em a rubonUhe 
metal; not only in order that -^they ?may be rendered flat, 
19* 
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which they rarely are^ but because a ground surface is cal- 
culated to give firmer hold to the cement than one which is 
polished. 

The author prefers this form of cell to any other, even for 
the most delicate tissues, and both cell and cover can be made 
so thin, that an eighth of an inch object-glass can be used. 
The flat ^ell, however carefully prepared, is almost certain 
to leak after a time, and, from its containing such a small 
amount of fluid, a very short period will elapse before the 
object within it is found perfectly dry ; but in the thin glass 
cell there is more fluid, and any leaking is made evident by 
the formation of an air bubble; when the bubble gets very 
large, the cover can easily be removed, and the object re- 
mounted without its having first been allowed to get dry. 

When thicker objects, such as injections or other opaque 
animal structures, require to*bo mounted, it is necessary to 
have a much deeper form of cell than any of the preceding ; 
these may be made of all depths and diameters by having 
transverse slices cut from glass tubes, and may be denominated 
the tube cells ; one of tlicm is shown in fig. 184, and when 
cemented to a slide in fig. 185. The tube should be rath^r|| 



Fig. 184. Fig, 185. 


tliick, at least onc-eighth of m inch, in order that the cells 
may hold firmly to the bottom glass. These cells may be 
made of all diameters between the one-fourth of an inch and 
an inch-and-a-half-— they may be even made larger, if required; 
the author has had some cut from stout bottles and from the 
necks of decanters, that are as much as two inches-and^-half 
in diameter. , 

Some exceedingly good and useful cells may be made from 
gla|r which has been moulded or Cast into rectangular tubes ; 
sli(w cut transversely from ^ese, of the shapoii^and sizes 
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shown by the following figures, will be found the most con- 
venicnt, figs, 186, 187, 188, being for the glass slides of one 



Fig. 186. Fig. 187. Fig. 188. 


inch in width, whilst fig. 189 is intended for the slides, which 



Fig. 189. 

are one ihw^d-a-half or more in width. These cells are 
cheaper/ ia|pthose which are drilled in plate-gla'^s, and are 
quite as appearance. Fig. 190 represents one of this 

form cemmked to a slide and ready for use. 



Fig. 190. 


finlhd CejUs , — These are completed pieces of plate-glass 
of any convenient size, out of t^e-iniddlc of which either a 
circul^. or oval .^le has beei^ ll^^ the depth of the cell 
depending in all. on the 1mpj|kneBS of g^s used; when 
required to be very thick, two^r more cells of equal si:0may 
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be cemented together, cither with the marine-glue or Canada 
balsam; figs. 191, 192, 19.3, represent three convenient shapes. 



and figs. 194, 195, 196, one of each 
cemented to a slide or bottom plate 
of glass ; these cells have many advan- 
tages over others, as any number may 
be made of one thickness, they may 
also be made perfectly square outside, 
and yet the cavity or cell within may 


be cither oval or circular, which is 



Pig. l9t3. 


Pig, 196. ♦ 


other forms of cells. Being made of plate-glass they are very 
flat, and from not being ground their surfaces will allow liglit 
to pass through when Canada balsam or very thin marine- 
glue is the cement, hence they may be employed with the 
Licberkuhn. This dfcd the succeeding form of cell were first 
suggested and used by Mr. Goadby. 

Built-up Cells . — These consist of four pieces of glass of con- 
venient size, which are cemented to form an oblong or square 
cell. The simplest form, and one which will answer the 
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purpose of either the thin glass cell or the tubular or drillcil 
cell, when these are not at hand, may be thus made : Take a. 
piece of glass of the required shape and thickness, say one 
inch long and three-fourths wide, and mark out on it, with a 
writing-diamond or ink, the size of the cell you wish to make, 
as e in fig. 197, continue the lines to the edge of the glass as 
shown by dots a b c d. Now, with a cutting-diamond, 
make four cuts in the direction of the linos a b^ a c ; b rf, c d; 
reject the middle piece, c; and cement the four outside 
pieces to the slide in the same manner as one of the other 
ibrins of cell, taking care always to put the i)ieces in the order 
in which they were before they were cut off; this is known 

by making little marks or lines in 
each corner, so that, when tlic^ 
pieces arc separated, one half of the 
mark may be on one side and the 
other half on the opposite, as seen 
in the above figure; this will serve 
as a guide to fit the pieces i>ro- 
perly together, and when a little 
marine-glue is placed between the joints, the four pieces will 
be held as firmly together as If they were a solid mass. Should, 
liowever, the pieces not be brought down to a uniform level, 
the cell may bo rubbed on the metal-plate with emery, and be 
thus reduced to any convenient thinness. Cells made in this 
way of the thin glass answer exceedingly well, .and, when 
properly cemented, will form an excellent substitute for any 
of the other kinds; they may be made of all thicknesses of 
glass, from that used for covers up to the thickest plate that 
the operator can cut slips from with the diamond. 

Thicker cells, as represented by fig. 198, may be miide of 
four narrow strips of stout plate-glass, cemented together as in 
the preceding specimen, upon a bottom piece of thinner plate; 
but care must be taken that the ends ^the sides, cd, and the 
edges of a b be ground flat, and th* the joints be firmly 
cemented. Strips of plate-glass, from one-eighth to half-an- 
inch, may be obtmned at the looking-glass makers, or may 
even be cut by ihe diamond, which will answer very well for 
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this purpose, as all inequalities of surface may be ground 
clown on the metal-plate. 



Fig. 198. 

When much deeper cells than these are recpiircd, 'we muht 
employ the glass box, also the invention of Mr. Goaelby, 

This consists of four pieces of thick plate-glass, a h r d, 
(’emented together upon a bottom piece or slide by their edges, 
as seen in fig. 199. The edges are ground flat, and the sides, 



Fig. 199, 


c made rfectxingular ; this form of cell is not so easily 
cemented as any of the preceding, and when the marine-glue 
is once melted upon the edges, the pieces should all be put 
together as speedily as possible, so that one part may not be 
made much hotter than the other, othenvise the glue, when 
over-heated, is apt to |^t thick and dry up. 

These cells or boxes may be made of any size to suit par- 
ticular preparations, but in proportion to the dimensions so 
ought the thickness of the plate-glass to increase; it must, 
however, be borne in mind, that the box should not be deeper 
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tluin is necessary to liold the preparation, otherwise Ihe latter 
could only be examined with a magnifier of low power. 

Method of Mounting Objects in Decj) Cells , — Fortins jmrposc 
it will be requisite to be provided with a bottle and glass tubes 
of the sliapes represented by fig. 200 and fig. 201. The bot- 
tle is required to contain the spirit or other fluid about to be 
used for mounting tlic ]>reparatioii, it should be of the shape 
r(^present(jd by a, fig. 200, having a wide mouth, into ivhich 
is fitted loosely a cork, />, with a tube, r, passed through its 



F\{r. 200 . 201 . 

centre; the tube should not touch th% bo I tom of the botth'. 
The cell and thin glass co\er having been properly clcaiKjd, 
and the object preparedTor mounting, the edges of the formci* 
are to bo anointed with a small quantity of gold-size, ihv 
cell is then to be filled with the preservative fluid by means 
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of tho tube, c; if any air bubbles be seen at the bottom of tlio 
cell, they should be touched with a sharp pointed instrument, 
and be conducted by it to the top, where they will burst, and 
so disappear. The preparation (which wc will suppose to be 
a piece of injected mucous membrane) having been cleaned 
and soaked for a little time in a similar fluid to that in which 
it Is about to be mounted, must be placed in the cell, and 
moved about in the fluid, so tliat all air bubbles may be got 
rid of, the thin glass coverds then to be placed on, and all the 
superfluous fluid either drawn away by the sucking- tube, 
fig. 201, or by the blotting-paper, as previously described, the 
use of the bidb in the tube being to prevent the fluid from 
rushing suddenly to the mouth. When both the edges of the 
cell and cover arc dry, a thin layer of one of the cements must 
be applied to them, this layer should be allowed to get hard 
before another is laid on ; when much of the cement is used 
at first, it is apt to run into the cell, which may be avoided by 
keeping the first layer very thin, and adopting the precaution 
of letting it harden before the application of the second. In 
order to give neatness to the appearance of the mounting, the 
last coatin§ may consist of black or red sealing-wax varnish, 
or the edges may be covered with bronze powder, or even 
with gold leaf, both of which will adhere if applied before the 
last layer of cement is quite dry. The object to be mounted 
aiul the preservative fluid should be kept as free from particles 
of dust as possible, and to prevent the admission of these into 
the fluid, the employment of the bottle shown by fig. 200 is 
recommended ; should, however, some foreign particles have 
gained entrance, they, in all probability, after a little time, 
will sink to the bottom of the bottle> where they will be out 
of the reach of the end of the tube, if adjusted as represented 
in the figure. 

To prevent the cement from running into the cell, or the 
marinc-gluo from covering more than certain portions of the 
bottom of the same when fastened to a slide, Mr. Bainey has 
contrived the following forms. One X>£ these, consisting of a 
plate of glass about one-eighth of an inch in thickness, and 
one inch square, with a hole through the centre, is shown by 
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fig. 202 ; around the hole a channel or 
groove is made, the object of wliich, as 
in Mr. Barker’s, shown by fig. 177, is 
the prevention of the entrance of the 
cementing material within it. Another 
form calculated to answer a similar pur- 
pose, is shown by fig. 203 ; in this the 
hole does not extend through the glass, 
and the bottom of it may be cither 
polished or rough ; on the under surface 
of the cell there is a groove as in fig. 
202, so that when marine-glue is em- 
ployed to fasten it to a slide, the gliio 
will be all kept outside the groove, and 
an object contained in a cell of this 
kind can, if required, be examined by 
transmitted light. 

Whilst treating of the different forms of cells and 1 oxes for 

o 

containing large preparations that require the aid of the 
microscope for their due exhibition, it may be as well here to 
allude to the method employed by Mr. Dennis, the manufac- 
turer of tliesc boxes for Mr. Goadby and others, to render 
them better fitted to withstand the expansive power of tlic 
fluid they contain ; for this purpose he has found it necessary 
to strengt^exi the joinings of the sides and ends by what he 
tenns angle^ldeces ; these are slips of plate-glass, ground into 
a thr^Hsided pfismatic shape, which are cemented to the inside 
of the box, so as to fill up all the angles made by the sides 
and bottom, and the ends and sides, and likeAvise to strengthen 
the joints on the outside, by cementing strips of jdatc-glass 
over them, in order to prevent the sides from bursting 
outwaids. Although this is a tedious process, the operator; 
nevertheless, will be well repaid for his trouble by the greater 
durability of the work. . 

The .method of cleaning the inside of the box, and the 
putting on of the cover, is the samO' as has been described in 
the smaller cells; to get rid of air j^bbles, it is advi&ible to 
pour into it much more fluid thain is required to fill it, 




Fig. 202. 
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the excess will escape at the sides, and if the pouring be kept 
up foi* a few minutes, all the bubbles and foreign bodies in the 
liquid which may liavc been washed from the prcpai*ation 
will be removed. The cement employed for the cover by 
Mr. Gojidby was gold-size and lamp-black, but IMr. Dennis 
adopts the following plan: — In the covers of large boxes lui 
drills a small hole, and fits a cork into it, and places the pre- 
paration in the cell with sufficient fluid to cover it, but not 
enough to reach within half-an-inch of the top. He then 
cements on the cover with marine-glue by means of a hot 
iron, and fills up the box with the preservative solution 
through the hole ; by a little shaking, all air bubbles can be 
got out, the box should be allowed to remain a few days, and 
when no more bubbles make their appearance, the cork is 
put in and cut off level with the top of the cover, and a thin 
piece of glass is cemented over it to keep it in its place. All 
the joints of the box are now cemented with marine-glue, and 
the cover, being fastened on with the glue, is held much more 
firmly than by any of the other more liquid cements. 

A small box, a h, with mitred sides, c c, and strengthened 
both with angle pieces in the inside and strijis on the outride, 
//, is represented by fig. 204 ; tliis will be found to bo ^|i|nu(*h 



Fig. 204. 

more durable kind than that shown by fig. 199. If the pre- 
paration to be mounted in one of these boxes be required 
to be kept in the middle of the box, or if it be necessary that 
any part of it shoidd be spread out for its better disjilay, ilie 
plan adopted by Mr. Goadby is to secure it with fine pieces of 
silk or China twist; for this purpose he employs loops of 
strong silk, which are fastened to the bottom or sides of the 
box either with marine-glue or Cantida balsam, to these the fine 
pieces of silk attached to the preparation may be tied ; short 
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loops may be cemented to any part of the inside of the box by 
means of a piece of glass and a loop, of the size shown In 

fig. 205. A small quantity of marine-glue 

placed under the glass when it and the loop 
have been properly adjusted, can be readily 
fixed by the application of a hot iron ; to make 
the glass lie more evenly, a groove may be filed 
in it sufficiently lai’ge to contain the end of the loop, and to 
prevent the silk from being scorched during the operation of 
cementing, it may be covered by another piece of glass, on 
which the heated iron should not be placed. 


Fig. 205. 


ClIAPTEll VII. 

METHOD OF MOUNTING OBJECTS IN CANADA BALSAM. 

Preliminary Directions , — Before any objcict is mounted in 
( niiada balsam, it is necessary to sec that it be perfectly clean 
and free from all traces of moistui'c. Those specimens that 
arc likely to be moist should be carefully dried, or if they 
be of such a nature that neither water nor spirit will injure 
them the best plan is to give them a good wash in water, 
and tlicn to put them into proof spirit. After this they 
may be taken out and laid in a proper position for drying, 
which will take place much more speedily and elFectiially 
with the spirit than with water. Other structures that are 
greasy may be cleaned in the sjime way by the enqiloyment 
of sulphuric sether ; this latter plan is especially applicable to 
the cleaning of hairs of animals that arc to be mounted either 
in the dry way or in Canada balsam. Entire insects, or 
parts of the same, may be cleansed by putting them to soak 
in warm water, and by agitating them in it, by which moans 
niost, if not all, of the dust and dirt will be washed off; they 
niay then bo placed in spirits of wine, and at any convenient 
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time laid between gl^ses to dry. A more common plan before 
mounting them in me balsam, especially if they should be 
very opaque, is to allow them to soak for a time in turpentine, 
» and as this is perfectly miscible with the balsam, they may be 
taken from one and put into the other, at the convenience of 
the operator, without the trouble of drying. The turpentine 
renders every part of them more transparent in two ways; 
in the first by lessening refraction, and in the second by 
dissolving fluids and substances of a greasy nature and taking 
their places. 

When very thin and transparent objects are required to be 
mounted in balsam, they become so indistinct that their true 
structure cannot be made out, hence some mode of giving 
them a dark colour becomes necessary, which may be effected 
eitiicr by charring or dyeing. In the ciisc of vegetable 
matter, the charring is readily done by placing the specimen 
between two plates of glass, and holding them over tlic 
flame of an argand or spirit lamp until the specimen assfunes 
tlie proper tinge; it may then be taken out, placed in 
balsam and mounted in the usual manner. Some structures, 
cspecklly those of an animal nature,, will not bear the 
charring process ; to these the dyeing only is applicable, and 
may be effected by soaking them for a time in a decoction 
of fustic or logwood, after which they may be taken out and 
dried. A weak tincture of iodine may be employed for the 
same purpoee. 

Necessary Apparatus . — The things necessary for mounting 
[^reparations in Canada balsam are as follows : — 

Some clear and tolerably fluid balsam, the whiter the better ; 
also, some that is older and thicker. 

A pair of wooden forceps to hold the glass slides. 

A pair of fine-pointed forceps. 

A pointed instrument, or, what will answer the purpose, a 
needle fastened into a wooden handle. 

Glass slides, with covers of thin glass of the required sizci 

A small solar oil or a spirit lamp. 

Canada Balsam , — Tliis excellent material, first suggested 
by Mr. J. T. Cooper, was employed about the year 1832, by 
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Messrs. New anil Bond, ingenious prepar^ of inicroscropie ob- 
jects, a notice of it in print appcai-s in a small book published 
by Mr. Pritchard, in 1835, entitled A List of Two Thousand 
Microscopic Objects. The older anatomists were in the habit 
of using varnishes of different kinds to cover their injected 
})rcparations, which, in coiu^se of time, became hard and tmus- 
parent; the objects belonging to the microscopes described in 
page 16 are thus coated. Mr. Pritchard* gives the first 
account of mounting objects in a fluid which subsccpiciitly 
became hard and rendered the mounting i)crnianeut ; this is 
said to have led to the employment of Canada balsam for the 
same purpose. It will be found convenient to have two kinds 
of balsam, one in a very fluid state, the other much older.and 
tliickcr; these should be kept in wide-mouthed bottles that 
can be sufficiently closed to prevent all dust from getting in. 
The best vessels for the purpose are small glass jars with large 
tops similar to that represented in fig. 209. The balsam is 
taken out of these by a small ghiss rod, which shouid be of 
a suflicient length to project above the neck of the jar, so as 
to be covered up with the balsam ; the jar should not be move 
than half full, the rod will then be sufficiently uncovered to 
allow of its beiitg handled without soiling the fingers, a point 
tliat should be particularly attended to. 



Wooden Forceps . — For this very useful instrument wc arc 
indebted to the ingenuity of Mr. Julius Page: in the upper 
part of fig. 206 is shown its application to- the holding of a 
Microscopic Cabinet^ p. 230. 
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slide, whilst in the part of the figure it is seen in section. 
The entire instrument is composed of wood, with the ex> 
ce})tIon of tlie end jiiece, which sliould he of brass. For 
IioJding* sninll slides, it may be of the same size and shape jus 
that shown in the figure, but for the larger slides, viz., those 
three inches long and one inch-and-a-half broad, it should bo 
much stronger ; the two flat plates or blades consist of Jiny 
elastic wood, and are of equal dimensions, a represents a piece 
of brass, bent at right angles, the inner part is wedge-shaped, 
and the two ])icccs of wood are firmly rlvetted to it, and by 
tins wedge the ends of the blades arc brought more accu- 
rjitely together. The opposite ends of the blades are cut in 
the JUJinner shown in the lower figure, in order to hold the 
slide firmly, whilst two wooden studs, i c, serve to separate 
the blaxlcs one from the other. When these studs are pressed, 
the blades open, and a slide can then be placed betweem them. 
The method of using the forceps is as follows : — After a slide 
has been cleaned and made rcjidy to receive the Canadji bal- 
sam, it is to be placed in the forceps, and after the balsam has 
been dropj)cd on, the slide may be warmed over the spirit 
lamp, and should it then require cooling, the forceps may be 
placed on the table for the purpose; the jnece of bniss, and 
the stud, c, form the su])ports by which the slide is kept per- 
Icetly horizontal, and at the same time raised some little dis- 
tance above the table itself. 

Metal Forceps , — ^For the purpose of handling delicate ob- 
jects that are to be mounted in balsam, tlie metal forceps 
figured at page 135 will be found very convenient, or any 
of the others presently to be described with the dissecting in- 
struments ; in use they are certain to get balsam about their 
points, this should be cleaned ofl* by allowing the points to 
soak for a short time in turpentine. No forceps employed 
for taking up delicate structures should have teeth at their 
extremities, but should be ground to as fine points as possible, 
as the teeth are apt to mark the specimens tliat are held 
by them. 

Needle Point , — For the purpose of destroying air bubbles, 
or moving about tlie preparations after they have been placed 
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ill the balsam, and for various other u^es, a needle fastened 
into a handle of wood will answer; but an instrument con- 
structed after tlic plan of that shown in 207 is much 



r;*?. -207. 

lu'tter still. This, like the forceps, is certain of ht‘in;r coated 
with balsam, which may be rennoved either by heat or tur- 
pentine; the broad end ot the handle will serve for ])ressin^’ 
down the glass cover. By this instrument pn^parations an^ 
atljnsted to their proper situations in the balsam, air bub- 
bles are drawn awaiy from the neighbourhood of the object; 
or, if ncccvssary, they may be burst by tou(*hing them \vith the 
point when slightly warmed. 

or Solor Oil Lamp . — For heating the balsam a small 
lamp is recpiired; this maybe either of tin or glass; such a 
one as is represented l)y iig. 208, to burn spirit, is \ei*v con- 



venient, t)r one constructed on the solar jirineiple to burn oil. 
TJie foiauer is better than a common oil lamp, as there is no 
fear of blackening the balsam, which sometimes happens with 
oil ; but the ehanee of this is diminished by tbc employment 
ol' a solar lamp, suj)})Hcd with a glas^ chimney tliat extends 
20 
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tlirce indies or more above the flame. In some cases, the 
iron [iliitc dcsei'ibed at jiage 271 for cementing cells will be 
useful for melting the balsam; but cure must be taken in the 
iqiplieation of tlio lu^at, h^st the balsam be made to boil after 
the specimen is placed in it, especially if it be a jiortion ol‘ a 
soft animal tissue ; if, howener, it be some hard structure that 
heat will not injure, a little boiling Avill be of ikj conse(pience. 
A metal vessel filled with boiling water (as a common water- 
plate) answers very well. 

An old knife, with a tolerably flat edge, that may be warmed 
in the spirit lanij), will be very useful for scraping away super- 
Huous balsam. A small bottle of turpentine, and a still smaller 
(juantity of sidjihuric ether, are also necessary ; the former will 
be in constant re(piisirion. 

7b J\[()nnt tSectiona of ITood . — These must be wiill dihid 
Ixifore they arc put into balsam, especially such as have been 
i*ut from gr(*eii wood; very transparent sections isliould b(' 
<‘harred or dy<‘d brown by one of the methods before de- 
scribed; we must then jiroceed as follows : — 

The glass slide having been wiped ])erfectly clean with a 
linen rag or chamois leather, may be taken hold of at one 
end by the wooden forceps, and slightly warmed over the 
lamp, and a. small but suflicient quantity of (/anada, balsam 
pLuHid ui)Oii it; the glass is to be slowly warmed again, until 
all trace of air bubbles in the balsam has entirely disappeared; 
it may now' be put aside for a moment or two, and when the 
balsam is sufKcie/Jtly cool, the section may be deposited in 
it, and be adjusted to its proper i>lace by the needle ])oint. If 
there be no air bubbles, the cover previously warmed on its 
under surface may be laid upon the balsam and carelully 
pressed Hut with the cud of the Jiandle of the needle-holder, to 
squeeze out all the superfluous balsam, care being taken to 
preserve the section, if ])ossi\)le, in the middle of the slide; 
it will be seen whether, in pressing the cover, the section 
kee])s in its })lace, or shifts from one side to the other, tht^ 
pressure must then be so contrived as to keep it in the middle; 
this may ol'ten be managed by moving the cover first to one 
side, then to the other, until the section is brought to the 
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centre of the cover, and the cover to the middle of the slide ; 
when this is aecomplisheil, the slide may be put aside to cool 
in a liorizontal position. But supposing that numbers of air 
i)ubbles arc |>resent, the balsam must be made to boil, tlui aii* 
bubbles will then be seen to go from the centre to the eircum- 
fenmee, where they mostly burst; if not, the slide may be 
turned over (with the balsam downwards) u])ou tlie flame of 
the lamp, and the heat tlien being applied dire(‘tly to them, 
they will speedily disapiiear. When the balsam is too fluid 
for the slide to be turned over and heated, the bubbles may be 
got rid of by drawing them with a clean needle-point away 
from the centre towards the circumference, that they may bo 
out of the fleld which the thin glass will cover; the luiedle- 
point is then to be made warm in the lamp, and the bubbles 
touched with it, when they will burst and disappear as in tlio 
former metJiods. 

Should the balsam be too hot when the section is into 
it, the latter will jirohably curl up and numbers of small aii- 
bubbles arise; when this is thn case, time will be saved if 
the section be removed and placed either in turpentine or 
ether, and a fresh slide taken, new balsam put on it, and the 
])rocess gone over again, instead of using balsam with an 
inflnity of small bubbles in it. Should the slide on wliich the 
balsam has been boiled not be wanted again immecliatcly, it 
may be ])laccd in a convenient vessel with some turpentine, 
which will dissolve all the hard balsam, and the slide will be 
l)erfectly cleaned and ready for use again in a few (.lays. 

Sonu‘, pereons keep their Canada balsam in a tin vessel that 
can be warmed so as to melt the balsam ; a small (piantity of 
this may be taken out when fluid and ch'oi}j)LHl upon the object 
ju’cviously arrangcjd upon the slide, this plan is attended with 
little or no risk of air bubbles. Tlic eovm* shoidd be wanned 
on its under surface before it is laid on the balsam, and, if 
necessary, a small amount of lieut may be applied to tluj 
underside of the slide to make the balsaui flow jnore readily. 

Animal Structures . — When animal structure's, such as parts 
of insects or injections, have to bo mounted, the heating of the 
bal sam must be carefully inanag(‘d. atid the balsam itself be 
20 * 
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very fluid to commence with; it should he sufliciently warmed 
to expel all air bubbles, and, when nearly cold, the object 
may be placed in it, and covered over in the usual way; iT 
the h(;at bo great, tlic object is sure to curl up, and bubbles 
a])pcar in all parts; it will most likely be rendered useless, as 
no manij)ulation, however careriilly ap])llcd, will restore an 
overheated specimen of animal structure to its former beauty. 
It often hapj)ens that 0 ])aque objects, such as the elytra of 
beetles, and thi(‘k ])ieces of injection, require to be mounted 
in oiu^ or other of the (;ells described in page 294; when this 
is the case, it becomes ncecssju-y to use very fluid balsam for 
the purpose ; but not such as has been thinned previously 
with turj)entin(j, as the author has found by experience 
that although the C(*lls be carefully cov(U’ed over, without any 
trace of air bubbles, these will, mwertheless, appc'ar in n 
few <lays, and he has ascertained that they are caused by 
mixing tur|)cntine with the Canada balsam to make it moj(‘ 
fluid ; for although they have all the appearance of bubbles ol' 
air, which liave either gained entrance from without or have 
esctiped from the preparation itself, they are not really such, 
but Jirc little vacuities in the balsam, ocjcasioned by the tur- 
pentine not freely mixing with it at flrst, but after a tim(‘ 
doing so; and as tJie two wlnm united occiij)y less space than 
wlum separate, these little vacuities are the result. Ileiiec it 
becomes necessary, when objects are mounted in cells with 
Canada balsam, that the balsam ’should be new and veiy 
fluid, and l)eforc the cover is put on, the l)a]sain should he 
allowed to remain in the cell with tJie object for some lioin s, 
or even days, if necessary, so that all air bubbles may rls(‘ to 
the surface and Imrst; wlicn this has taken place, the cover 
having been warmed on its under surface, may be laid upon 
the balsam and pressed in the usual manner, in order to 
exclude all that is superfluous. If the balsam, however, liav(' 
been tlunned with turpeiitiiie, the chances arc that the vacui - 
tio will appear, and to remove them it becomes necessary to 
take off the cover and fill up the cell with fresh balsam, which 
may he avoided if attention be paid to the above directions. 

Jji wjiiin weather the vacuities become small, or may even 
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disappear entirely ; l)ut when winter approaehes they will 
]eapj)ear, and according to the ainount ot‘ cold, so will tlu^ 
vacuities increase in size. 

Fossil lo/ffsoria, — Tlu‘se, tog(*tlior witli spicula ot 
sponges and ohjccts oK a siliceous nature, wdiich have btieii 
dissolved out by acid from a calcareous or other matrix, 
may be very easily mounted in balsam without air bubbles by 
[uirsuing the follow ing plan : — If the obj(!(‘ls be in Huid, a 
small (piantity of the sediment in wliieh they are containeil 
may be taken up by one of the tubes shown at lig. Hi), and 
placed upon a number of* slides, and each slide examined by 
tli(! microscope ; those containing good sp(.‘cimcns should be 
laitl aside for mounting, whilst the others may be cleamrd otl*. 
li'onc of the slides fix<‘d upon for mounting be held over the 
lamp, the iluid will speedily evaporate and leave the objecls 
behind ; whilst this is going on, the iieedhj-polnt may b(j 
used lo stir and keep tliem from collecting together, and so 
large a j)la(!e shouhl be made on the glass as not i-j exceed 
the size of the thin glass cover; the objects must bo all kept 
as nearly as possible within this space, and not allowcxl to 
get near the outer mai'gin. Should many imj)uriru‘s be 
present Avith the infusoria, they will be almost certain to col- 
lect at the margin of tlie iluid as it evaporates, the cover in 
those eases should be only so large as to reach nearly to the 
margin, and the ring of impurities may be scn-apid away 
alter the cover is fixed on, the whole liehl being then left 
[K'vfcctly clean. 

^VI^eu all the fluid has evaporated, the balsam may )>c used 
as Ibllows: — A small drop luiving been placed upon the. slide 
on one side of the spot where the objects are, this is to be 
heated until all air bubbles have disappeared; the slide is 
tiien to be tilted to allow the balsam to run down over the 
infusoria, the cover previously warmed is to he laid upon it 
and i)r(iss(;d, and the object iinished in the usual manner. 

When ohjecds of a cellular nature have to be mounted, if 
they be sucli that heat AvilJ not mu(‘Ji injure, they may be 
boiled in ihe balsam, otherwise numbers of air bubbles will be 
lei't in the cells, and the true structure cannot be satisfactorily 
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ina<le out; tlui extra degree of heat will expand the air, 
and cauj^e it to make its escape, whilst the balsam will occupy 
its place. Some objects of a tubular nature, such as the 
tracheie of insetds, arc much better seen if air be contained 
in the tubes; they will then exhibit the spiral fibre in their 
iut(;rior, but a tracheal tube filled with balsam does not show 
the fibre at all, in consequence of tJie balsam rendering all 
the parts transparent. Small insects, such as fleas and 
parasites of animals generally, when not over heated in the 
balsam, show remarkably well the ramifications of the tra- 
clicje; but tliose which have been soaked for a long time 
in turpentine, or have had the air expelled from the tubes by 
heat, do not exhibit the spiral markings at all, unless under 
j>olariscd light, when they may agaiti bo rendered visibh*. 
These jioints show tlu*, necessity of attending to the manage- 
ment of the heating of the balsam ; wdien air is to be got rid 
of, the heat must be high, and when the air is nc^cessary to be 
preserved, the use of turpentine must be avoided, the heat of 
the balsam must ))e as low as possible, and the mounting 
accomplished (piickly, in order that the air may not have time 
to expand very much. 

Foramhu fera^ — Certain chambered cells, of the order Fo- 
raminifera, and many of the siliceous loricie of infusoria., which 
also have cavities in tlieir interior,, are very diflicult to mount 
ill balsam, so as to get rid of all the air from their interior, 
ev(‘ii boiling will not alway*'^ answer : for this purpose the aid 
of an air pump or exhausting syringe will be necessary. Mr. 
Matthew Marshall, who has paid considerable attention to this 
subjeet, employs a very strong square copper vessel, provided 
with a stop-cock ; into this, boiling water is poured, and it is 
then placed upon the plate of an air-puirq), the slides containing 
the objeets from which the air is to be abstracted arc laid upon 
the coi»])(‘r vessel, the heat of which is sufficient to keep tlic 
balsam very fiuid ; the receiver is then to be placed upon the 
pump plate and exhausted, air will soon be seen to make its 
escape In bubbles from the objects and Irom the balsam, 
and when again admitted into tlic receiver, the bubbles will 
disappear, and the balsam be found to have run into all the 
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celluliir parts of tlie objoets, and to occupy the place the air 
originally did. Should all the air not be got rid of by tin* 
first exhaustion of the receiver, the oiieration may la^ repeated 
until the desired etliict is priHluced. Tlie air-jninip is also 
extremely useful for mounting objects on a large scale without 
air bubbles; several of these being placed between glasses, and 
secured in their proper [ilaces by string oj- fine wire, may be 
]ilaced upright in a tin vessel containing balsam liquefied by 
heat; the vessel (as soon as the objects are adjusted) is to be 
placed under the receiver and exhausted, the air eonfined 
between the glasses, as well as that from all parts of the object, 
will escape, and the hot balsam occupy its place. When the 
balsam has penetrated every jiart, the slides nuiy be takem out. 
and laid in a hori7.ontal position, and when cold arc r(*ady to 
be cleaned off as follows: — 

Cfffnmtf/ from the Slh/cs, — For this purpose an old 

knife, some rags, together with turpentine* or alcohol, and a 
small quantity of ether, will be reepiired. If the balsam be 
>'ery fluid, it may be wiped off with a rag dipj>ed occasionally 
in turpentine; but if rather hard, the flat-bladed knile, warm(‘d 
in the spirit-lam]), will readily remove tlu* greater portion, 
whilst the turpentine rag and a thin sharp knife will clean off 
the remainder. Some persons scra[)e away every partic‘le oF 
balsam from the edges of the (rover; the author, however, 
jinders leaving a little there, which he cuts in a sloping direc- 
tion, at an angle of about 45^ as he considers that !i little <‘m- 
bankmeiit of this material tends to secuire the cover more 
firmly to the slide, and prevent the ingress of air. Objects 
that h.'ive bemi mounted for some time in balsam should be 
handled with care, as they arc very easily damaged, even in 
being wiped, and a suddmi blow or jar is nearly always 
attended with a partial sepai'ation of the balsam; this is known 
by the appearance of e.olourcd bands or rings from the thin 
film of air which has gained entrance betw(;en the glasses. 
When this has happened, heat should be ajiplied both to the 
cover and slide, and as soon as the balsam is melted, the cover 
sliould be firmly pressed down until the rings liave entirely 
disapjx'ared. 4'hc risk of this aceidmit will bo materially 
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lessened it* the slides be coated with paper. Ether is the best 
solvent of* Canada balsam, bnt the cost of* it prevents its fre- 
(picnt use ; in some delicate oj^erations, however, it is indis- 
pensable. 

The best form of vessel for keeping 
Canada balsam in, is the one represented 
in fig. 209; the glass cover should bo 
sufficiently tall to enclose the rod for 
taking out the balsam, and should fit over 
the neck of the bottle, its upper surface 
may be ground flat, as shown at so that 
it may stand steadily when taken offi 
Other points to be particularly at- 
tended to in the mounting of dift*erent 
classes of objects will be mentioned in 
the part of the work devoted to the de- 
scription of the mode of preparing them ; 
the rules above laid down will, howeviT*, 
be a])plicable to by far the greatest ma- 
jority of objects, and only certain modi- 
fications of these will recpiire separate 
mention. 

Method of MoNutinff Objects in JSIedia 
containing Gelatine , — The various plans 
I’ccoimnended for mounting objects in 
Canada balsam, will apply equally Avell to the media de- 
scribed in j)age 282, but the cliief difficulty consists in getting 
rid of the air bubbles, or the vacuities that occur in consc- 
(lucnce of the evaporation of the water. The specimen to be 
mounted, if in a moist state, should be placed in a little of 
the medium dissolved in a watch glass or small cell by the aid 
of a gentle heat before it is placed on the slide, and care taken 
to exclude any bubbles that may be present before the cover 
is put on. The cover should not be pressed down hard, as 
many objects have a tendency to curl, and will lift it up, 
and air will rush in. The copper vessel described in pnge 
310, and the air pump will be generally found requisite for 
the perfect exclusion of all the bubbles. 
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CHAPTER VIII. 

METHOD OF MOUNTING OnJECT>S IN THE DRY WAY. 

Many very delicate struetiives, when placed either in fluid or 
in Canada l)alsain, lose several of their most strikin'^* charac- 
ters ; tlicse should be mounted dry. Amongst them may be 
mentioned sections of teeth and bone, and of some kinds of 
wood, hairs of animals, scales of bntterflic^s, and other insects, 
all of which may be best examined in this condition. Various 
methods have been practised from time to time ; one of* the 
oldest, perhaps, was that of* enclosing the olijoct between two 
circular pieces of tale, which flttcd into a hole cut out of* wood 
or ivory, and were kept there by a ring of brass wire, four or 
more of these holes were made in one strip of ivory, and the 
name given to it was a slider ; this plan is now only adopted 
with the inferior microscopes, and has given place others 
more generally usei‘ul. 

First ATetkod . — A thin plate-glass vslido having been sehjcled 
and cleaned, the object is to be laid upon it, and over this is 
jilaccd a cover of very thin glass, a little larger each way than 
the object; the plan of securing the cover is as follows: — If a 
very lifjuid cement were used, it would inimcdiat(dy nm 
between the glasses and obscure the object; therefore if gold- 
size be selected, it should be the oldest and toughest. Thiirk 
sealing-wax varnish has less tendency to run in, but the best 
cement of all will l>e found to be that described at page 27(), 
as being used for electrical purposes; this, when nudted in 
a ladle, can be laid on with a brush, and afterwards made 
very smooth with a piece of iron wire heatc.‘d in the spirit 
lamp, and when cold can bo trimmed off in any Avay by a 
knife; as soon as the angle between the cover and slides is 
filled up, the cover may be more securely fastcnctl down by 
employing the gold-size oj' one of the li([uid cements; either 
of these, besides adding to the strength of the first coat, may 
be employed as the colouring agent, and so Improve the 
appearance of the mounting as well. 



314 


MANirULATIOX. 


Second Method. — Many persons adopt the plan of fixing the 
cover to the slide by means of paper pasted over both, a small 
hole is cut out of the centre of the paper for the object to be 
examined; it has, however, been found in practice that all 
prepamtions so mounted are very liable to the growth of 
confervte about them, occasioned by the moistening of the 
paper by the employment of paste or other cement. A 
pre])aration mounted after the manner of that first described, 
with cement round the edges of the cover, will look very neat, 
and be rendered much stronger by the addition of paper, 
especially such as that employed by Mr. Topping and others 
for the purpose, or that of which a specimen is given at the 
end of a recent publication, entitled Microscopic Objects. 

Test objects are generally mounted with a very thin glass 
('.over, which is kept on with paper ; a mu(di better plan, how- 
ever, has been lately contrived by Mr. W. S. Gillett, whose 
skill in these matters is so well known. In mounting the 
siliceous lorica; of Navicula hippocampus and anifulata.^ the 
scales of the podura and other insects for test objects, he has 
found it necessary to employ, not only the thinnest kind of 
glass for covers, but for the bottom plates also, as it be- 
comes of the greatest importance that the powers employed 
with the achromatic condenser should be high, and be brought, 
therefore, as near the object as possible, the two best plans 
adopted by ]\fr. Gillett may be here described. In the 
first, two square pieces of the thinnest glass, of unequal size, 
having been provided, the object is to be placed upon tlie 
under surface of the smaller square, which is intended to form 
the top or cover, a small })iece of wax is now to be applied to 
each corner, and the top may then be laid upon the bottom 
piece, the wax serving to keep the two glasses together. 
Two thin pieces of some kind of close-grained wood, three 
inches long, one wide, and about one-tenth thick, as shown at 
figs. 210 and 211, are also to be provided. Fig. 210, a 
represents the outer surface of one of these; in the middle 
there is an aperture, half-an-inch or more in diameter, whose 
margin is bevelled off, as shown at c. Fig. 211, d /?, exhibits 
the inner surface of the corresponding piece, and f f are 
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seen five cuts made in It 
with a saw, winch do 
not quite f^o through the 
wockI; between these two 
slices the thin glasses con- 
taining the object are 
placed, and the two pieces 
ot* wood are firmly fast- 
ened together by four 
very short brass screws, 
the saw cuttings allow- 
ing the two opposed sur- 
faces of the wood to bo 


lu’ouglit into close apposition at the ends; a section of an 


»l)ject so mounted is represented by fig. 212, in which a b 



exhibits the pieces of Avood, c the squares of thin glass 
liaving tlie object between them, and f f the saAV <‘uts 
which allow the ends of the wood to be brought into close 
approximation by the screws. The other plan of mounting 
is shoAvn in fig. 213; g h represents a Avooden slide similar 



Fig. 213. 


to that shown by fig. 210, having a hole about half-an-inch in 
diameter cut out of the middle; the upper surface of this hole 
is flat, but the under siirfsice is very much bevelled away at 
upon the flat surface the tAVO plates of thin glass, Avith 
the object betAveen them, arc laid, these are kept in proper 
position by a layer of paiier, i i, which covers the Avhole of the 
upper surface of the wood, and as much of the thin glass as 
may be I’equired. Mr. (iillett has improved upon the first 
plan of mounting, by introducing between the two plates of 
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wood at each end a strip of metal a very little thicker than 
the two thin glasses ; tlie saw cuts are present, but the screws 
are applied between the strips of metal and the thin glass, and 
not near the ends, as seen in fig. 212. The strips of metal 
keep tlie ends of the wood open, and the screws pinch the 
middle more firmly down on the thin glasses, which are there- 
fore more securely fixed than by the former method. The 
wood employed for the purpose of making these slides should 
not be cither cedar, wainscot, or any other of the kinds that 
are continually giving olf volatile matter, but should be some 
close-grained wood that has no smell whatever; apiece of 
zinc is perhaps the best thing that can be used. In the 
preceding description it was stated that the thin glasses wc?re 
kept together by a little piece of wax at each corner; il 
necessarv, however, Canada balsam may be employed t(» 
mount many of the sj)eciincns, such as several of the species 
of naviculie that are usetl as tests, the balsam having the great 
advantage of rendering the risk of fracture much hsss frequent. 
When thicker objects, such as sections of bone, teeth, or 
wood, recpiire to bo mounted dry, some thin form of cell 
should be employed ; this may be made out of writing-paper 
or cardboard, by selecting a pi(;cc of the same size as the 
cover about to be used, and cutting out a hole in it of the 
shape required, and cementing this to a slide by sealing- 
wax varnish? when the spirit has evaporated and the cell is 
firmly fixed to the glass, a coating of the same cement may 
be employed to cover the entire upper surface of the cell, and 
to thoroughly saturate the paj)er. When this coating is dry, 
the cell is fit for use; the object being laid in it, the thin 
glass cover may be put on by first touching the edges of the 
cell with some very thick sealing-wax cement, and then 
droi)ping the cover on it ; the cover will be held in its place 
by the varnish, and the slide should be put away until the 
varnish is dry, Avhen another small quiintity of the same ma- 
terial is to be applied round the edges of the cover, but not 
enough to run far under it; as soon as the last coat is dry, 
anotlua* may be laid on until the cover is firmly fixed. 
Cells may also be made of the electrical cement, described at 
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page 276, for the reception of thin objects, by painting it on tlic 
slide in the shape rcc[ulred. The object being placed within a 
cell so formed, may be fixed down by making the edges of the 
cover sufficiently liot in a spirit lamp to melt the cement 
wljen it is laid upon it. Should this be ineffectually per- 
formed, a small heated wii’c applied to the glass or to the 
cement will readily accomplish it. If such a cell as this docs 
not look neat, the slide may be covered with paper, with a 
hole in it sufficiently small to hide all appearance of the 
cement. Gutta pereha or marinc-gliic, as described by Mr. 
Shadbolt in page 290, rolled out into sheets, and cut out with 
a knife or with punches of the required size, may also be 
employed as a substitute for the paper, but it is difficult to 
make the former stick to glass unless some solvent of it be 
used as the cement. Even the small elastic bands made of* 
vulcanized India-rubber will answer for thicker objects, or the 
glass rings or cells that have previously been described to 
contain objects mounted in fluid, will do equally well for such 
as njquiro to be mounted dry. 

d/r. Darker* s Method, — Objects, such as sections of wood, 
that do not require a high power for their examination, may 
be mounted in a very neat way after an execfllent plan first 
practised by i\Ir. Darker. The following description, abridged 
slightly from that given in a recent work, entitled Mierosnfjm: 
Ohjccts, will convey a good idea of tlie method to be adopt ( m 1 
for this purpose: — Two slides of equal size being selected 
the edges of each should be bevelled off on tlui metal ])late 
as represented by fig. 214, so that when they are put tog(‘ther 



Fiff, 214. 

a groove or channel is formed, as shown at h in the figure. 
The surfaces having been cleaned, the bevelled parts are to be 
coated with a thin layer of sealing-wax varnisli, when tliis is 
dry, a label, if recjuired, may be gummed to the bottom slide, 
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and then the objects laid on it; if it be necessary to keej) 
them in place, the smallest possible quantity of gum may be 
applied to one coiner ; the top plate is now to be laid on the. 
specimens, one of the edges is then to be Imatcd in the flame 
of a spirit lamp, and the groove filled with sealing-wax, as 
sliown at a; when one edge is done, the others are to be 
licated ill the same manner, until the entire groove is filled 
with the wax, which thus acts two purposes, one to keep the 
slides togctlier, and the other to prevent the access of air. 
The excess of wax may be cleaned oil* from the edges by 
rubbing them upon sand-paper laid on a flat board, until they 
are smooth ; if bright edges be required, they may be passed 
quickly through the flame of the spirit lamp. It must, of 
course, be borne in mind, that all objects mounted in this way 
should be made perfectly dry before they are sealed up.” The 
author, some years ago, was presented with a collection of 
sections of wood by Mr. Darker, which have not only kept in 
their places, but arc as perfect and as free from (jonfervie as 
when they were first received. They are all labelled after a 
very excellent plan, viz., by having the generic and specifi(^ 
name on one side of the label, and the popular on the other. 


CIIAPTEK IX. 

MOUNTING OPAQUE OBJECTS. 

Opaque objects may be mounted in various ways: — on discs, 
on cylinders, on glass slides, or in cells. 

On Discs . — The discs consist of circular pieces of some soft 
material, through which a pin is passed, they may vary in 
diameter from a quarter to one inch ; one kind may be con- 
veniently made by glueing together two pieces of card-board, 
with a piece of rather thick chamois leather between them, 
and then cutting out with a punch discs of any required size. 
Through the chamois leather a long but strong pin is to be 
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passed in the direction shown by -fig. 215; the discs may 
be made black with lamp-black (that sold in 
I shops in the moist state in little oblong saucers 

J will be found the best) or with lacker in which 

lamp-black has been mixed; in this latter case 
they should be ^vjiwned cither before the lacker 
is applied or afterwards, to dry it. The felt 
which is used as gun-wadding, or the pellets that 
are sold already cut out for guns, may be substi- 
tuted for the card-board and chamois leather, or 
even leather itself may be used with advantage. 

Fig. 215. Transverse slices of small phial corks arc very 
good, but to make them look well, they should have their cut 
surfaces covered with black paper, which renders their manu- 
facture rather more troublesome. 

U 1)011 these discs the objects arc to be cemented ; this may 
be readily done either with some thick lamp-black or with the 
lacker and lamp-black, both these cement/ having 
T the advantage of being a dull black, and not of a 
shiny aspect as gum or sealing-wax dissolved in 
IHHi spirits of wine, which, on this account, arc objec- 
tionable; the darker an object is, the more dark 
I ought the disc to be; white discs should be 

I avoided, as they reflect the light and interfere with 

F* 216 definition. Objects may be placed upon 

both sides of the discs, or one side iiiay be oo 


cupied by a number for the sake of reference, and this 
side may be either left wiiitc or black ; if black, the number 
may be put on in white, or a printed one with a Avhitc margin 
may be used. Five different ways of mounting objects on these 
discs are shown by figs. 215-16-17. In the first, where the 
objects arc thick, they may be simply cementLd to the disc. 
In the second is seen a plan wliieh answers very well for the 
eajisules of mosses, viz., to glue a small piece ot cork to the 
lower surface of the disc, and to attach the little stems ol the 


ca])sules to this; they can then be arranged in the best way 
for viewing their mouths. In the third and fourth ways the 
same thing is shown, but a small circle of cork is employed 



320 


MANirULATlON. 



instead of* a larger piece. In the fifth is ex- 
hibited tlie method of mounting, so that the 
side of the object as well as the front may b (3 
examined. 

Wlien it is necessary that both sides of an 
object should be Auewed, a disc, an inch or 
more in diameter, may be used, out of whicli 
a small disc has been punched, as shown by 
fig. 2 1 8, but not exactly in the centre; through 
the broad })art the pin is passed, and the ob- 
ject may be cemented to one of the sides, or 
what is better, if it can be managed, is to 
separate, by means of a penknife, the chamois 
h?ather from one of the cards, .and into this 
fissure to jdacc the object, the application ol* a 
little cc!ucnt being required to keep it there. 
Supposing the object to be a portion of fern, this 
|)lari will enable an observer to view both sides 
of it, or even look through it, and if at any time the disc were 
laul flat on the table, the object would bo [)reservcd from 
injury by being situated in a plane inter- 
mediate between the two outer sides. Sup- 
posing very small discs arc required, Mr. 
(jeorge »Jackson has devised an excellent 
method, whereby with pins and black seal- 
ing-wax some useful ones may be made in 
the following w^J^y : — Take a long pin and 
slightly warm it in the middle, then take a 
stick of black sealing-wax and melt it in 
the flame of a candle or spirit lamp; having 
{)ut a small quantity upon the middle of 
V Jis. the pin, hold the latter either in the flame 
oi' the lamp or lujar it, and .as the Avax melts, revolve the pin 
on its axis ; if this be done rather quickly, the scaling-Avax 
will be c([ually distributed about the pin, the j)in then should 
be immediately removed from the flame, and placed upo7i 
a piece of glass, and the Avax pressed upon by another piece of 
»'lass, so as to convert the globule into a flat U})en 




MOrNTING OPAQUE OBJECTS. 


321 


those discs tlic objects may be mounted in the usual way. 
A little practice will enable a p(*rson to make them etisily, 
and of a circular figure ; they may bo also made of an oval 
shape by spreading out the wax on the ])in, being carefiil 
lhat the thicker jiart of it occaipies the centre of the pin, and 
not one of the ends, otherwise irregular shapes, and not ovals, 
will be the result. The ground upon which the object is to 
he placed is necessarily shiny, but it can easily be made to 
assume a dead black hue by scraping it with a kiiile. Discs 
so made are very durable, and have a neat atipearanoc. 

On Ci/lmders. — Thc^sc may be made of cork, wax, or ivory, 
of the shape repn^sented by fig. 219; the pin may be passed 
either through the long or the short axis 
of the cylinder, so that an object may b(» 
mounted on the ends of the latter, or on the 
side of the former, (lutta pcrcha, which is 
now coming into use ibr lathe bands, and 
may be obtained of nearly any size, can b(j 
cut into lengths of half-an-ineh or more, and 
a pin heated to a temperature a little above 
that of boiling water may be readily passed 
through them, and when cold will be fixed 
Fi;r. 211). very tightly. 

0?i Slides , — This is most easily done by 
lamchirig out from black pa])cr little circles from the one- 
fourth to one inch in diameter; these may be stuck either 
with gum or paste upon #the ordinary sized glass slides, as 
shown by tig. 220 ; upon these black discs the objects may be 




Fig. 220. 

fixed with any of the cements before alluded to, in the same 
inaiiner as on those of cardboard or leather. They [lossess this 
great advantage, that they may be arranged in a cabinet with 
other objects, which cannot be done with those on the [)ins ; but 
they are very liable to be injured materially by dust and diil, and 
21 
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only small shells or objects that cannot be damaged by wiping 
with a (iumers-hair pencil, ought to be mounted in this way. 

/;/ (Wls . — For this i)urpose it will be found convenient t(» 
use cells not exceeding half-an-inch in diameter, or the size of 
the largest dark stoj) ; they may be cut from large barometer 
tubes of any required thickness, and Jire to be cemented to 
the slides with marine-glue in the usual manner. After the 
(!cll has been cleaned and the cover and object selected, some 
blacdv sealing-wax varnish, ratlnu’ thick, may be dropped Into 
the bottom of the cell, upon this the object is to be laid ; tlic 
varnish Avill serve a two-fold [)urpose — first, as a cement to 
kce]) the object in its place, and, secondly, as a. stoj) to prevent 
the transmission of light. AVlien the sealing-wax has become 
hard tin; cover may be laid on ; this can be efiec.ted in one ol* 
two ways, cither by the plan recommended for the thin dry 
cells, or by putting a layer of old gold-size upon the walls oi’ 
the cell, and allowing it to get m;arly <lry, then laying on tlie 
cover, and aft(U" the lapse of a day or two, wli(?n the size has 
become hard, filling uj) the angle between the cover and 
cell with gold-size laid on in several thin coatings, so that it 
may not run in and interfere with the object. This ])lan 
will be Ibund highly advantageous for most objects; they may 
be >vell seen w'ith tin; Lieberkuhn, the black cement acts as a 
stop or dark well, and the small size of the cell allows of the 
light being njadily transmitted on all sides of it, so tliat no 
stop undev the stage will be required. The glass cover does 
not at all ijitcrfcrc with correct definition unless the light 
be thrown u])on it vciy obliquely, when some pencils iimst 
neeessanly be reflected; but with the vertical light from 
the Lieberkulm, nearly as nuicli will pass tlirougli as it* the 
cover were not present. The elytra of the diamond and other 
beetles which still exhibit their rainbow hues when placed 
in Canada I)alsam, can be well seen when mounted in this 
manner; but those objects which require the light to fall 
upon them at very oblique angles to show their play of 
colours, must be mounted on discs with the pin, by which 
means they can with facility be turned in every direction, and 
so display their resplendent tints. 
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When Camida balsam is used for mounting tlie spceimens, 
llic precautions mentioned in page 308 must be attended to; 
tli(! balsam must bo very fluid, but not made so with tur])cn- 
tine, and tlie cover must not be put on till all the air bubbles 
have disappeared, otherwise the little vacuities there alluded to 
will occur after the lapse of a few weeks or months. 

A very convenient mode of mounting opacpie objects in 
cells in the dry way is shown in section by fig. 221, where h 
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leprcsents a thin piece of inaliogany or other hard wood, 
baviiig a cell, c, bored out in its middle by ini*ans of a c(mtre- 
bit; tlie hole should not exfeiid throngli the entire thickness 
ol* tlie wood, but about lialf way, as shown at c; the ubjeets 
liistened to a disc of paper or card may be secured to the 
l)ottom of the cell by means of tme or other of the cements 
previously described, and a cover of thin glass, (/, having been 
placed over tli 4 ^ hole, may be firmly fixed there by one of* the 
coineiits or by a layer of pa[)er, c, gummed to it and tlie 
nic'diogany in the manner described at page; 314. 

Air. Julius Page; has made some very excellent cells of the 
Hattencil tin wire employed by cabliiet-makers I'or .inlaying, 
by bending it into a square or round shape upon a bar or 
cylinder of wood; these he fixes to the slide by inarine-gliu! 
or other cement, using a large quantity on the oulside of tin* 
<*ell to form an embankment, and to ])revent the gold-size 
employed in the fastening down of the cover from entering 
the cell where the two ends of the wire are brought into con- 
tact. Cells so made will answer as well for preparations 
mounted in fluid as for those that are dry, tin being a metal < >n 
which few of the preservative solutions will ar-t. 

/w Boxes , — Tlie author’s late brother, Mr. Edwin 

Quckett, adopted a plan for mounting opaque objects, which 
answered exceedingly well; this was to select some small hut 
21 * 



324 


aiANirULATlON. 


well-nuidc pill boxes, and to glue to the bottom, or to the side 
or cover, a piece of cork, of one or other of the shapes repro- 
seiited by fig. 222. In the first three are seen cylindrical 



Fig. 2‘23. 



pieces glued to the cover, in the fourth is 
shown a semicircular piece fixed to the 
side, and in the fifth and sixth a cone and 
a cylinder attached to the bottom of tiu? 
box, all of which plans will be found use fid 
for different kinds of objects. 

In order to hold these boxes, he em- 
ployed a pair of forceps of the shape repre- 
sented by fig. 223. a is a piece of steel 
wire, having at each end two pieces of 
main-spring, h //, those at h have two somi- 
cireular pieces of brass rivetted to them to 
embrace the box, as shown at dy whilst at 
1/ the springs are bent as there represented, 
in order to hold the cover or the bottom ol’ 
the box in a horizontal position. The wire, 
«, slides through a short piece of spring 
tube attached to a joint, c, below which is 
a pin for connecting the instrument to the 
stage of the microscope, as in the case ot 


the other forceps described at jiage 129. Mr. Jackson has 
also adopted the plan of mounting opaque objects in pill 


boxes, but he makes a hole in the bottom of each, by means 
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of wliicli he fits them on a sharp-pointed pin attached to the 
ordinary forceps. Ohjects so mounted possess many advan- 
tages : they are preserved from dust and injury, and the names 
of each being written on the cover, they may be packed away 
in drawers and easily recognised when required. 

Our attention must now be directed to the preparation of 
particular classes of objects. 


(HAPTEll X. 

TO MAKE SECTIONS OF BONE AM) TEETH. 

The apparatus required to make sections oi‘ bone and teeth 
will be as follows: — A fine saw, such as is used for cutting 
metal ; two or three flat, safe-edged files, one of them very 
finely cut; a small hand-vice; t>vo hones of the water of Ayr 
stone ; strips of glass, two inches-and-a-half long, and half-an- 
inch broad; shine old Canada balsam; a small bottle of sul- 
phuric ether; and a strop of buff‘ leather, or a cake of resinous 
matter, charged Avith putty powder. 

The first thing to attend to in making a section of recent 
bone, is to select a paii; perfectly free from grease ;* as thin a 
section as possible is to be cut from it by the fine saw, and be 
made flat, and at the same time further reduced by means 
of the file. If the section be not very brittle, it m;iy be held 
by the hand-vice, and being sujqAorted upon a flat piece of w'ood 
or cork, may be brought by the file nearly to its proper degree 
of thinness. If one hone only is at hand, the section may be 
laid upon it Avith some Avater, and be rubbed backwards and 
forwards by a finger pressed upon it, until both its surfmtes 
have acquired a certain amount of polish; it may be examincMl 
horn time to time by the microscope to see Avhen it is thin 
enough, and Avhen this point is arrived at, Ave may proceed to 
polish it ; if the section be intended to be mounted in Canada 
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balsam, a great amount of polish is not necessary; it mav 
then be simply rubbed upon a strop of buff* or chamois leather, 
until the desired effect is obtained ; if, on the contrary, tlu* 
section is to be mounted dry, the polishing should bo 
carefully attended to, a buff* leather strop, with putty powder 
and water, must be employed, and the section rubbed upon 
it until a perfect polish is procured. The excess of putty 
powder about the s[)ecimen may be removed by repeated 
washing. If the operator be provided with two hones, the 
section may be quickly made very thin by rubbing them 
one upon the other with the section between them ; wlien 
sufficiently thin, it may be polished in the above dcscrilx'd 
manner. Should, however, the section bo brittle, we must 
have recourse to a different method, to eff*eet its being grouufl 
on the hone without fracture. For this purpose, as thin ji 
section as possible having been removed by the saw, it is first 
to be filed and then rubbed down on the hone, and polished 
on one side only. The section is next to be dried, and then 
cciuentcd to one of the narrow stiips of plate-glass with 
Canada balsam ; in order to effect this, some old balsam should 
be procured, and a small portion laid upon the centre of one ol‘ 
the flat surfaces of a strip of plate-glass, which is then to b(‘ 
heated until the balsam is melted and many of the air bul^blcs 
have disappeannl ; the glass may then be removed from tin* 
flame, and when it has become slightly cool, the section, willi 
its polished surface downwards, is to be placed iH)on the 
balsam, and pressed firmly down until the balsam is (julto 
cold, care being taken that the entire surfixccof the section be 
in contact with the glass. A good deal of the superfluous 
balsam may now be cut away from the sides of the section, 
sufficient being left to hold it firmly to the glass; if it be very 
thick, the file may be used to reduce it at first, and then it 
may be brought down to a proper degree of thinness by the 
hone ; as the grinding is being proceeded with, the section 
may be from time to time examined by the microscope, and 
when it has been found to be thin enough, this surface also 
may be polished on the buff leather in the same wJiy as the 
one first described. '!l'he next step is the removal of the 
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section from the glass; this is readily effected by dro[)i)ing the 
slip of glass into the stoppered bottle containing ether, which, 
ill a very short space of time, will dissolve all the balsam, when 
the section will drop off; it may then be removed from the 
ether, and when dried is ready for being permanently mounted. 
It will now be seen why a slip of glass of a particular length 
and breadth was recommended at the coiimicnccmcnt, it has 
many advantages over cither longer or shorter strips; in the first 
place, if the section should be thicker on one side than the 
other, the glass can be tilted a little, so tliat the side which is 
the thicikcst may be rubbed tlie most, and in a short time an 
uniform degree of thinness will be obtained; siicondly, it is by 
far the best plan to keep ether in a bottle with a stoi)]icr not 
much exc^eeding half-an-incli in diameter, as in larger bottlc‘s 
the stoppci's seldom fit so nicely as to prevent evaporation ; 
into the small bottles the slips of glass previously described 
will readily drop, and the ether need not more than half fill 
the bottle, for so long as it I’cachcs as liigli as tluj section, 
the desired object will be obtained; when, however, the stock 
is reduced so low that it will not reach the section, one end of 
tlic slip of glass may be cut ott‘ with a diamond, and only a 
small (piantity of ether will then be necessary. 

If it be required to make scelions of fossil bones that arc 
too hard to be cut with a saw, the apparatus employed by the 
laj)idary must be had recourse to ; this consists of a tliiii iron 
wlioel, the edge of which is charged with omeiy, or with 
diamond dust ; after the section has been made, it is then to be 
cemented to a piece of glass and polished on both surfaces, 
the material used for the cutting being a fluid known as oil 
of brick. The ordinary wheel cnijdoycd by the la[)idary runs 
horizontally, and is turned by the hand; an apparatus of the 
same kind, but used by the jeweller, consists of a small stind 
or copper disc, turned by a foot-wheel; one or both of these 
will be required by those who wish to devote much attention 
to the striieturo of fossil bones and teetli. It is usual to mount 
such sections on pieces of plate-glass, without any covering of 
Canada balsam or thin glass over them ; if they have a polished 
surface, their structure can be admirably made out. 
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When it is necessary to examine the bone cells of frag- 
ments of fossil bone, chippings only arc reipilrcd ; these may 
be produced by striking the bone with the edge of a small 
hammer, tlicii carefully selecting the thinnest of the chips, and 
placing tlicm at once witliout any grinding in Canada balsam. 

Mounthifj Sections of Bone , — The next process is that of 
mounting the sections; this may be done cither in the dry 
Avay, as described in l)agc 316, in a thin cell in fluid, or in 
C'anada balsam. If the section be very thin, transparent, 
and well polished, it ought to be mounted either in fluid or 
dry; if not, the Canada balsam may be had recourse to. 
The method of doing which is as follows: — After having 
placed some thin Canada balsam on a slide of the required 
size, it must be heated until it boils; it may then be laid 
aside for a moment to cool, Avheu the section, having been 
j)revionsly made dry, is to be placed in it ; if the balsam be 
too cold for the section to sink into it, a little more heat 
must be applied, and as soon as the balsam is again fluid 
enough, the section may be embedded in it ; should the heat 
be such as to cause air bubbles to appear, it will then be 
desirable to remove them before the thin glass cover is laid 
on; this may be done in two ways, cither by drawing them 
from the field In the neighbourhood of the object with the 
pointed instrument, or by heating the balsam again, so as to 
make it boil ; when the bubbles arc all removed, the thin 
glass cover, ‘with its under surface warmed, may be laid 
upon the balsam, and pressed down so as to exclude at the 
same time all the air bubbles and all the superfluous balsam. 
In some cases the author has found that sections of bone, which 
have been laid in balsam and heated until the balsam has 
boiled, exhibit their intimate structure more beautifully than 
they did before the extra heat had been applied. When 
a section is put into very liquid balsam, the bone cells 
soon become filled, which makes the structure indistinct; 
hence it is better to mount all bones in the dry way or in 
fluid, except those wliich are of a very dark colour, and have 
tlicir bone cells and canals filled with earthy matter. All 
sections of recent and greasy bones should be soaked in ether 
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tor some little time before tlicy arc mounted : this dissolves 
(lie grease, and makes the bone cells and their caiialiculi much 
more distinct. 

Fragments or chippings of fossil bones may be put into 
balsam without any grinding; and as it generally hai)])ens 
tliat in such bones all the colls and canals arc fidl of earthy 
substance, it docs not matter if the balsam have been made to 
l)oil ; it is, perhaps, the better plan that this shoidd be done, 
as it makes the intercellular tissue more transparent, and the 
bone cells, therefore, can be seen more distinctly. 

It may be as well here to state, that the sections should, if 
])osslble, be made In two or more directions; thus, for instance, 
if the specimen about to be examined be a portion of the 
shaft of a long bone, we should cut the first transversely and 
the other two longitudinally ; one of the latter may extend 
through the medullary cavity, and the other merely through 
the outer or periosteal surface. TIic scales ond thin ])]ates of 
bone of fishes will rarely reipiirc more than grinding down on 
the hone; if the surface of the scale be enamelled, as in the 
Lopidosteus, the inner surface only may be rubbed down on 
the hone, and the outer left with its natural |)olish of enamel 
on it, the ground surface may be cemented to a slide by 
Fanada balsam, and the enamelled will then require no 
ci^vering either of thin glass or of balsam, but be kept in the 
same manner as the fossil woods before described. In order 
to obtain a perfect notion of the structure of befne, one or 
more sections should be soaked in dilute muriatic acid to get 
rid of the earthy matter, and others in caustic potash to destroy 
the animal matter; these should be mounted in fluid, and will 
be found very instructive. 

Tu mahe Sections of Teeth . — The teeth of fishes not being 
supplied with a layer of dense enamel, may be cut in the same 
way as ordinary bone, with a fine saw, and then b(', rubbed 
down between the hones, and polished in the usual manner; 
but those of nearly all the higher mammalia being coated more 
or less with enamel of flinty hardness, will require a much 
greater amount of labour to be expended on them. 

The saw best adapted for cutting through the enamel is 
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tliat used for iron and brass; even this will often become 
blunt before the cutting is completed. It will be almost 
vain to indulge in the hope of making more than two longi- 
tudinal sections of one tooth; this can only be effected by 
cutting it down through the middle, and after cementing tlu* 
cut surfaces to a plate of glass, to reduce them to the proper 
degree of thinness by the file, and finish them on the hones. 
The lapidary’s wheel will be found much more useful for teetli 
than for bone, as a wheel charged with diamond dust will 
speedily cut through a thick layer of the hardest enamel. 
The operation of laying sections of teeth in the thick balsam 
shoidd be carefully performed, as tlic enamel very readily 
separates from the dentine or ivory; the grinding and polishing 
should also be canned on with care to prevent the separation, 
'^riie sections, like those of bone, should be made in two 
directions, one transverse, and the other longitudinal, and if 
the structure of the enamel rccpiiro to be examined, anol)liquc 
section will bo found very instructive, although very difficult 
to make. 

To Moimt Secthma of Teeth, — These may be mounted In 
the same way as the sections of bone ; an examination by the 
uiieros(‘02)e avIII serve to determine whether any particular 
specimen sliould be placed cither in fluid or balsam, or be 
})roscrvcd dry ; the latter ])lan will, hoAVCver, be found on tln^ 
whole to be the most satisfactory, but in this case the section 
should be Well })olIshcd. Dark coloured fossil teeth wdll he 
well exhibited in balsam, and may even be boiled in it if 
necessary^ as the tubes of the dentine are in most cases filled 
with earthy matter. 
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ClI APTEll XI. 

TO MAKE SECTIONS OF SHELL AND OTHER HARD TISS[’ES. 

For this purpose nearly all the apparatus (Icsorihcd for 
making sections of bone and teeth will be required. Hy 
far the most important instruments, however, will be found to 
be the file and the hone. Shell, although generally mueh 
softer than bone or tooth, is, nevertheless, very brittle, and 
thin sections require to be handled with very great car(\ 
"riic best plan of proceeding is to make a portion flat on one 
surface, and polish it first on the hone and then with putty 
])Owdcr, and to cement this surface to the slide on which the 
s(‘eti()n is intended to be mounted by means of Cann hi balsam, 
the file may then be employed to reduce its thickness, and the 
lionc to finish it; the section should be examined from time to 
time by the microscope, to see when it is thin enough, and, if 
required, the slide may be placed either in ether or turpcntiiui 
to dissolve away the old balsam without separating it from the 
slide; but should the specimen be very brittle, it sliould be 
allowed to remain on the slide on which it was ground, and 
after having been made as clean as possible, some new balsam 
may dro]ipcd upon it, and a cover of thin glass* laid over it 
in the usual way; but if the section be sufficiently strong, it 
may be removed by ether from the slide, and be mounted in 
balsam as a fresh object; the latter plan will be found the 
neatest and best, provided it can be ac'comjdisluMl without 
injury to the specimen. When it is required to investigate 
tlic arrangement of the animal matter in any section, it should 
be subjected to the action of dilute muriatic acid, this is 
termed by Dr. Carpenter the decalnfifivif process ; such speci- 
mens, after soaking in water to get rid of the acid, may b(» 
mounted with fluid In the thin glass cell. structure of 

many shells of the oyster kind can be very well made out by 
selecting some of the thinnest of the flakes or laminin found 



332 


MANIPULATION. 


near the outer margin of the valves of the shell ; these, after 
having been washed and dried, may be mounted in Canada 
balsam in the usual manner. Some shells of the genus 
Pinna, that exhibit a prismatic structure, will separate readily 
into prisms ; these may also be mounted cither in fluid or in 
balsam without any further preparation. The most difficult 
shells to cut arc those whose structure is nacreom or pearly — 
the ear shell, Ilaliotisy is the best example of this kind ; these, 
however, will yield to the file and hone ; sections of them 
should be decalcified, and it will then be seen (as was dis- 
covered by Dr. Carpenter) that the splendid hues wliicJi this 
tribe of shells presents are due to the plication of the animal 
membrane. Amongst the shelly tissues may be mentioned 
the spines of the Echinodennata, the tegument of the Crus- 
tacea, and the bone of the Cuttle fish. All these may be 
prepared in the same manner as shells, by the file and the 
hone, wdth the exception of the last, which may be cut suf- 
ficiently thin with a very sharp knife. The spines of the 
Echini, after having been cut tmnsvcrsely with a saw, and 
then ground down and mounted in Canada balsam, form some 
of the most beautifiil objects for a microscope of low power ; 
considerable difficulty will, however, be found in getting a 
section perfect and at the same time very thin. A portion of 
the shell of a crab, taken from one of the large claws, also 
forms a most interesting object ; but the author woidd refer 
those who Vtish to obtain a knowledge of these beautiful 
structures to the vciy valuable papers of Dr. Cai’[)cnter in the 
Jieports of the British Association for the Advancement of 
Science, where he will also find accurate representations of 
the most remarkable kinds. 

To make Sections of hard Vegetable Tissues. — The dense 
structures which compose the stones of some of the pulpy 
fruits, such as the peach, apricot, plum, and cherry, are 
beautiful objects for microscopic investigation \ they resemble 
in a very striking manner the osseous tissues of animals, and 
like them require to be cut into thin slices in order to exhibit 
their true characters. The principal instruments necessary for 
this purpose will be the saw, the file, and the hone; those 
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stones that arc tough, such as the cherry and plum, can he 
easily made thin ; others that are more brittle will demand 
some care in their preparation, whilst some few, as, for in- 
stance, the ivory nut, arc so hard as even to require the aid of 
the cutting-machine or the lapidary’s wheel, for their reduction 
to a proper degree of tliinness. The method generally em- 
ployed to make sections of these hard tissues for the micro- 
scope is very similar to that of bone before described, viz., to 
cut as thin a slice as possible with the saw, then to reduce 
this nearly to the requisite thinness by the fde, and finish it 
with the hones ; as all these tissues arc more or less of a dark 
colour, they will be best displayed in balsam, therefore the 
process of polishing on the buff leather with putty powder 
may be dispensed with. The development of some of the hard 
tissues may be very well seen in the scales of the cone of firs ; 
these may be readily cut in the machine employed to make 
sections of wood presently to be described, and may be 
mounted in balsam in the usual manner. Another form of 
hard tissue may be procured by maceration from the pear 
tribe ; this is known to botanists as (jntty tissNc, and should be 
mounted in Huld, as the balsam makes it too transparent. 

2jrcjmre Stliceoifs^ Shcletom of Vcyetahles , — In all plants 
known as grasses, silica or flint is more or less abundant; its 
presence may be recognised in many ways, but heat and nitric 
acid arc the agents generally employed to separate it from 
the other less durable substances with which it ns intimately 
connected. Silica forms a coating to the stems of grasses ; it 
is even found in small masses or concretions in the joints of 
the bamboo, and is then known by the name of fabasheer. 
The attention of microscopists was first directed to the siliceous 
skeletons of certain parts of grasses by the Kev. J. B. Kcadc, 
in the year 1835 ; the specimens first examined by him con- 
sisted of the husks and parts of the stern of the wheat and 
oat ; they were prepared by subjecting these parts to a very 
high temperature in a platinum crucible, whereby all the 
carbonaceous matter was burnt off, and an ash of silicsi was 
left ; this was removed and mounted in Canada balsam, when 
a perfect cast even of the most miiuite vegetable structure in 
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flint Avas found on microscopical examination. One of the 
most l)caiitifiil specimens for exhibiting the arrangement of 
silica in its stem is an Equisetum, sold in the oil and colour 
shops under the name of the Dutch rush ; it is used by the 
cabinet-makers as a substitute for sand or glass paper, for 
rubbing down the inequalities in the surface of wood ; this is 
best prepared by cutting the stems into short pieces, and 
boiling them in strong nitric acid in a tall vessel; copious 
fumes of gas will be given off as the carbon is being removed, 
the vessel should then be laid aside for a time, and more acid 
added when the etfervcsccnce has ceased; if the specimen 
be not immediately Avanted, it may be kei)t in the acid 
until the perfect removal of all the other constituents has 
been effected. 7 V portion of this plant, Avhen well prepared, 
should be j)crfectly free from all foreign mat ter, and alter being 
thoroughly Avashed, may be mounted either in fluid, in balsam, 
or even dry. In balsam it forms a beautiful object for ])olarized 
light, but in fluid, its true nature is best exhibited. The 
palece or bracts of a grass, knoAvn as the Fcstuca. pjntcnsis^ 
exhibit a beautiful arrangement of silica Avitliout any pre- 
paration by acid ; they can be shoAvn dr)' as opaque objects, 
and for the purpose may be cemented to one of the discs 
described at page 319; or, if prepared, maybe mounted in 
fluid, and then examined by transmitted light. Hut the 
l)al(v.e of the Avheat and oat, which are kuoAvn as chajf\ 
from being* more opaque and less abounding in silica, will 
require (uther the aid of acid or of heat for its exhibition. 
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CHAPTEE XIL 

ON MAKING SECTIONS OF AVOOD. 

For this puq)osc avc must be provided with an instrument 
termed the Cutting machine^ Avhicli consists of a plate of metal, 
on whieh a knife or I’azor is made to slide, and the wood to be 
cut is firmly wedged into a triangular or otlier tube, and is 
raised above the surface of the tube by a very fine screw, as 
liigli as the thickness of the section refpiircd. The first instru- 
ment of this kind was invented by Adams, al)out the year 1770, 
and was subsequently imjnwed by ]\Ir. Cunnning; it is de- 
scribed and figured in the microscopical essays of the younger 
Adams, and is of the same kind as that employed by IVlr. Cus- 
tance, who was unrivalled,” says Adams, in his dexterity in 
))reparing and accuracy in cutting thin transverse sections of 
wood.” In subsequent times other instruments liave been 
contrived for the same purjiose, some provided witli knives 
which mov(i circularly, others witli knives fixed in a strong 
frame-work of metal, whilst, in not a few, the cutting is 
j)orfoiined by a I’azor of the ordinary kind, or one ground 
perfectly flat on one side. A very excellent machine for this 
purpose, whieh the author has been in the habit ol* using lor 
many years, and can, therefore, strongly reeommeiul, is shown 
in lig. 224; it consists of a block of Spanish mahogany, into 
which are fastened four strong brass pillars that support a flat 
table of the same metal, eight Inches long, three wide.*, and 
three-tenths of an ineli thick, having a raised edge scjrewed to 
one of its sides; to the under surface of the middle of this table, 
and nearly close to the side opposite to that having the raised 
edge, is screw'cd a stout tubular piece of brass, c, whic*h passes 
through the table and projects about a (juarter of an i»ich 
above its upper surface ; into this tube is fitted accurately a 
cylindrical piece of brass, having a hole, //, about five-eighths 
of an inch square, extending throughout its entire length. 
This cylinder is capable of being raised by a screw with foi ty 



Fig. 224. 

shaped piece of steel may be ])ressed finnly into any of them 
by the spring, ^vith which it is connected ; this contrivanee 
answers two purposes, one as a micrometer for detennining 
liow high the cyliiah^r must be raised to cut the finest section, 
and the other for preventing tlic screw from being moved. 
A strong brass frame, of the shape sliown in the ui>pcr part 
of the figure, and of nearly the same thickness as the table, 
has a knife, c, ground perfectly flat on its under surface, finnly 
fixed to it by two strong scrcws,rZf/; this frame, with its knife 
arranged in the manner seen in the figure, is made to slide 
backwai^ls and forwanls smoothly upon the upper surface of 
the table. The wood about to be cut is driven very tiglitly 
into the square holc,^, in the cylinder, and should be allowed 
to project about an eighth of an inch above it. The cylindcv 
being replaced within the tube, c, it will be found that when 
the frame is pushed forwards the edge of the knife will pass 
obliquely over every part of the surface of the wood, and as 
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ilic screw has forty threads in the inch, and its head is divided 
into twenty-five parts, it follows that each turn of the screw 
will raise the cylinder onc-fortietli of an inch, and each frac- 
tion of a turn the one-thousandth of the same quantity. This 
machine lias very many advantages ; these consist principally 
ill the mode in which the knife is fixed, and also in the plan 
of the wood about to be cut being firmly supported on all 
sides by metal, but in such a manner as to keep the latter 
without the reach of the knife, the screw being so short as not 
to be able to raise the cylinder <[uitc as high as its edge. In 
most machines of this kind the knife ndjs upon the brass, by 
wliich the cutting edge is liable to injury, and the wood is not 
driven tightly into a cylinder, but is raised out of it by the 
screw, consequently it cannot be kept so firmly against the 
cutting edge, which will be found very inconvenient for hair 
and such other soft structures as require to be securely wedged 
up before sections of them can be made. 

!Mr. Topping has contrived a very convenient and useful 
lorm of cutting-machine on a plan represented in section in 
lig. 225. A B is a flat piece of mahogany, seven inches long. 
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and four wide, to the under surface of which is attach^jd, at 
right angles, a piece, G, of the same size as A B. D represents 
a flat plate of brass, four inches long, and three wide, screwed 
to the upper surface of A B ; to the middle of this plate is 
attached a tube of the same metal, E T, three inches long and 
half-an-inch in diameter, and provided at its lower end with a 
screw, F, working in a nut, and having a disc, K, exactly 
adapted to the bore of the tube ; this disc is connected with 
the upper end of the screw, by which it is moved up or down. 
C is another screw connected with a curved piece of brass, H, 
which is thus capable of being carried to the opposite side of 
the tube. The piece of wood about to be cut is put into the 
tube, E, and is raised or depressed by the screw F, whilst, 
before cutting, the curved piece of metal, II, should be firmly 
pressed against it by the screw, C. Tliis instrument is to be 
fastened to the edge of a bench or table, where it may be 
always kept ready for use. The knife * to be employed may 
be one constructed for the purpose, or a razor ground flat on 
one side will be found to answer very well. 

Method of making Sections , — If the wood be green, it should 
be cut to the required length, and immersed for a few days 
in strong alcohol to get rid of all resinous matter; when 
this is accomplished, it may be soaked in water for a week or 
ten days, it will then be ready for cutting. If the wood be dry 
it should be first soaked in water and afterwards immersed in 
spirit, andf before cutting be placed in water again, as in 
tlie case of the green wood. If the machine to be employed 
be sucli as described in page 336, the wood (if sufficiently 
large) should be cut so as to fit tightly into the square hole, 
and be driven into it by a wooden mallet; if, on the contrary, 
it be round, and at the same time too small for the hole, 
wedges of deal or other soft wood may be employed to fix it 
firmly; these will have the advantage of affording support, 
and, if necessary, may be cut with the specimen, from which 
they may afterwards be easily separated. The process of 
cutting consists in raising the wood by the micrometer screw, 

* The miicliino, togetlier with a knife, can be obtained of Mr. Tojuang 
at the low price of sixteen shillings. 
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SO that the thinnest possible slice may be taken off’ by the 
knife ; after a few thick slices have been removed to make the 
surface level, a small (|uantity of water or spirit may be placed 
upon it, the screw is then to be turned one or more divisions, 
and the knife passed over the wood, until a slice is cut off* ; 
this, if well wetted, will not curl up, but will adhere to the 
knife, from which it may be removed by pressing blotting 
paper upon it, or by sliding it off upon a piece of glass by 
means of a wetted finger; the plan the author generally 
adopts, is to have a vessel of water by the side of the machine, 
and to place every section in it ; those that arc thin can then 
be easily separated from the thick by their floating more 
readily in the water, and all that are good, and not imme- 
diately wanted, may be put away in bottles with spirit 
and water, and preserved for future examination. If the 
entire structure of any exogenous wood is required to be 
examined, the sections must be made in at least three 
different ways; these may be termed the transverse, the 
longitudinal, and the tangcntal, or, as they are sometimes 
called, the horizontal, vertical, and tangcntal ; each of these 
will exhibit different appearances, as may be seen by I) E F 
in fig. 226. At A is shown part of the stem of a coniferous 
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plant, and a transverse section of a portion of the same mag- 
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nifiecl at D ; in this arc exhibited the zones, a indicating tlie 
annual growth of the stem and the radiating lines, h />, termed 
the medullary rays. A vertical section, B, through the pith, 
will (ixhibit the medullary rays; these are known to the cabinet- 
maker as the siher grain^ and at E, which is a magnified 
view of a part of the same, may be seen the woody fibres, <: c, 
with their dots, d r/, and the horizontal lines indicating the 
medidlary rays cut lengthwise; whilst at C, which is the 
tangental section, and F a portion of the same magnified, the 
openings of the medullary rays,/* and the woody fibres with 
vertical slices of tlic dots, are exhibited. Very instructive 
preparations may bo made by cutting oblique sections of the 
stem, especially when large vessels are present, as then the 
internal structure of the Avails of some of them may often- 
times be examined. The diagram above gwen refers only to 
sections of a pine; all exogenous stems, liowever, will exhibit 
three dififerent appearances, according to the direction in 
Avhich the cut is made, but in order to arrive at a true 
understanding of the arrangement of the Avoody and vascmlar 
bundles in endogens^ horizontal and vertical sections only Avill 
be required. IVIany specimens of Avood that are very hard 
and brittle may be much softened by boiling in Avatei’, and as 
the cutting-machine Avill ansAver for other structures besides 
wood, it may here be stated, that all horny tissuCvS may also 
be considerably softened by boiling, and can then be cut 
very easily.* 

Method of Mounting Sections of IFood, — The thinnest and 
most j)erfect sections having been selected, they may be 
mounted either in fiuid, in Canada balsam, or dry, the 
former plan being by far the best, especially for the verticjd 
and tangental sections ; the transverse, Avhen mounted either 
in balsam or dry, do not lose so many of their striking 
characters as tin; others, and this is the more to be remarked 
when the wood has been ke[)t for some considerable time 
previously in a dry state. Vegetable sections Avill keep very 
Avell in almost all the preservative solutions; on the whole, 
perhaps, the AveaV. spirit and water and the gelatinous medium, 
page 312, Avill be the best; they may be mounted cither in 
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the thin glass cell, page 291, or in tliat shown at fig. 176, 
page 285, and in the manner described at page 284. If the 
sections be dark, they may be mounted in Canada balsam in 
the manner described at page 306 ; but if they become too 
transparent when immersed in it, they should be first charred 
by being placed between two plates of glass, and subjected to 
the heat of an argand lamp until they turn brown, or they 
may be dyed with tincture of iodine, or in a decoction of 
fustic or logwood. Transverse sections may be mounted in 
this way, as they will stand the process of (Jiarriug very well, 
but all the other kinds, especially those that cxhil)it large 
spiral vessels and dotted ducts, are best mounted in fluid. If 
the sections arc to be mounted dry, they may he prepared in 
the manner before described at ivagc 313, or they may be 
placed between two glasses, with bevelled edges, that are 
filled up with sealing-wax after the plan of Mr. Darker, before 
described in page 317 ; in all tluise eases, particular attention 
should be paid, so that the sections be properly dried before 
they arc placed between the glasses, otherwise fungi arc apt 
to grow from them. 

Chipphiga of PFoocL — An excellent method of exhibiting the 
medullary rays, and some of the larger vessels of the harder 
woods, is by making small cliippings of them, or by tearing 
short pieces of wood in lialves lengthways of the grain, 
after the beginning of a split has been made by a chisel or a 
knife; these should be mounted on discs as opaqhc objects, 
and examined with a magnifying power from one hundred to 
two hundred diameters, the Licberkulm being employed as 
the illuminator. 

Sections of Ilonis^ Ilairsy frc. — lliesc may be made with the 
cutting-machine in the same manner as those of wood ; all the 
very tough kinds, such as the horn of the rhinoceros, will be 
easily cut after having been boiled for a short time in water ; 
they should be placed in the machine and cut whilst warm, 
otherwise the boiling will have no beneficial effect. If the 
specimens be too small to be cut to fit the hole in the cutting- 
machine, they may be firmly wedged up by pieces of wood. 
For the purpose of making sections of the porcupine’s quill, 
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the spines of the hedgehog, those of certain fish, and some of 
the larger kinds of whiskers and hairs, the author has adopted 
with success the plan of making holes in a block of soft wood, 
and of driving short pieces of them into the holes, as if they 
were so many nails ; the block is then placed in the machine, 
and slices cut from it in the usual manner; the hairs, from 
being well supported on all sides, will not slirink from the 
edge of the knife, but will be as easily cut as the wood itself. 
The sections of the hairs may be readily separated from the 
wood by laying the wood on a piece of glass with water, and 
pressing them with a blunt pointed instrument, or tearing 
the section from around them. The substance known as 
whalebone may also be readily cut in the machine ; in order to 
exhibit its structure in the best manner, the sections should be 
transverse like those of hair. The upjier and solid parts of 
the horns of tlic antelope, ox, and other ruminants may also 
be cut in a similar way. I luinan and other hairs that are far 
too slender to be sliced separately, may be cut in a mass in 
the following manner : — If the hairs be made into a bundle, 
and all dipped together into some thick glue and dried, the 
bundle will become as solid as a piece of wood; this may 
be cut into lengths, wedged firmly in the machine, and trans- 
verse sections of the same may then be very easily made; 
these should be removed from the knife and mounted in 
CyjHiada balsam with as little separation as j)ossibIe. Tendons, 
portions of clastic tissue, and other firm animal structures, 
when dried, may also be cut in the same manner as the 
specimens of wood and horn, but, unlike them, they will be 
found to exhibit no important internal arrangement, except 
when examined by j)oIarized light. 

All sections of homy tissues, if of a dark colour, should be 
mounted in balsam; they form, with very few exceptions, 
beautiful subjects for polarized light, besides exhibiting, in 
some instances, a remarkable disposition of their pigment; 
in the ease of human hair, transverse sections are valuable, 
as 2)roving the cellular arrangement of the interior, which has 
been a matter of dispute with microscopists from the earliest 
times. 
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CHAPTEll XTII. 

ON THE DISSECTION AND T'KEPAUATION OF VEOETATU.E 
AND ANIMAL STUUCTIIUES. 

By far the greater number of the wonderful and highly 
interesting structures which it may fall to the lot of the 
microscopist to examine, arc not presented to him in a simple 
and isolated form, but arc more or less combined with other 
tissues from which they require to be extracted or sc;parated 
by a pro(Hiss termed dissection ; this may be divided into two 
branches, one in wliicli the subject is large and all its parts 
perfectly tangible and visible to the unassisted eye, whilst in 
tlic other the aid of the microscope and of very delicate 
instruments is requisite for its due performance, the first is 
called coarse or rouffh, the second minute anatomy; in both, 
certain cutting and other implements arc necessary, which here 
demand our attention. 

Dlssectiny Forceps , — ^In addition to the forceps already 
described at page 135, two or three other kinds will be 
required for the purposes of dissection; of these the most 
useful arc represented at A in fig. 227 ; they sliopld be com- 
posed entirely of steel, and be at least five inches in length. 
Tliey may be denominated the straiyht and the curved; of the 
first kind, or that shown at A, two pairs will be requisite, one 
having the extremities broad, and the other sharp pointed ; if 
large dissections be undertaken, a still stronger pair, with the 
extremities broad, and made rough like a file, will also be 
necessary. In dissecting under the microscope, the curved 
pointed pair shown at F will be found most convenient. In 
all these instruments the points should fit accurately together, 
sometimes those that are very sharp arc apt to cross, this may 
in a great measure be i)revented by liaving the branches wide 
at the base where they are rivetted. I'lie points may be 
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Fig. 227. 


sharpened on a hone, and a magnifier employed to examine if 
they fit closely together. 'J'hosc that are 2)rovided with 
notches at the end should have them alternate, that is, th(j 
hollow of one should be filled up by the elevation of the other, 
without which, bodies will slip from between them. 

Scissors . — The scissors rectuired by the inicroscopist arc 
similar to those used by the surgeon, the liandlcs should bo 
straight, and the ends of both blades either sharp pointed, as 
shown at B in fig. 227, or one may be blunt and truncated; 
these last should be bent as in fig. 228 ; they will be found 
exceedingly aiseful for cutting open tubular parts, such as the 



alimentary canal of animals, when tlicy are laid in a horizontal 
position in one or other of the troughs presently to be 
described ; tin* blunt end serving to move aside or gradually 
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wedge o])cn certain closed parts without the risk of cutting 
them. Scissors in which the blades are curved, as sliown at 
1) or at E in fig. 227, arc also very necessary. 

Cutthifj Forceps . — This instrument, the invention of Mr. 
William Valentine, is represented by C, fig. 227; the sides are 
rivetted at the end, as those of the ordinary forccj)s, but the 
(‘utting part consists of two scissor-shaped blades, whicli over- 
lap each other, and arc prevented from crossing over too far 
by a small steel j)in, the blades are bent at an angle with the 
sides, and by this means the instrument can be very conve- 
niently employed for dissecting under a lens of half-an-inch 
focus. An instrument constructed somewhat after the sann^ 
principle as the above, is known as tlie Microtome^ the inven- 
tion of M. Straus Durckheim ; it consiv^ts of two sides, like 
a j)air of dissecting forceps, Imt each terminated by a scissor- 
sha[)cd blade, arranged so tlmt its cutting edge is perpendicular 
to the broad surface of the side; in order to prevent the blades 
from opening too wide, a screw with a fly nut is attached to 
one blade, and the other moves freely ui)on it ; the screw is 
also jn'ovidcd with another nut situated between the blades, 
the latter may be adjusted so as to prevent the blades from 
being closed beyond a certain point, whilst the former serves 
to regulate the space that the blades may be kci)t open by tlie 
spring. The sides arc not rivetted together as in the dissect- 
ing forceps, but are united by a hinge-joint, in order that they 
may be separated for the purpose of shaipcning the blades. 

Sprim/ Scissors . — Hiesc are represented by fig. 221), and 
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consist of a pair of very small scissors, the blades of which are 
kept open by a spring, a. One of the handles is attached to a 
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slender shaft of wood, hy whilst the other is eurved as at c*, in 
order to be pressed upon by the thumb or fore-finger in the 
act of cutting. With an instrument of this kind, Swammer- 
dam is said to have made all his finest dissections. 

Method of Sharpeniny Scissors . — This may be effected by 
opening the blades and noticing the angle at which the edges 
have been previously ground, and placing them on the hone 
at the same angle, and rubbing them backwjirds and forwards, 
always keeping them at the same inclination ; a few strokes 
will generally suffice for the pvirpose, and the blades need not 
be separated one from the other, provided the hone employed 
(which should be that known as Turkey stone) have a flat side 
that will allow of the whole of the cutting part of the blade to 
be rubbed upon it. 

Scalpels . — The name of scalpel is generally given to the 
small knives emidoyed in dissections, each consists of a blade 
firmly rivetted, as shown in fig. 230, into a flattened handle ol’ 
ebony or ivory, whi(‘h is made thin and spatula-like at its 
extremity. The blade may be of various shapes; those shown 
by A B C' D E F in fig. 230, will be found most generally 
useful, some of them, such as li 1) E, being formed for 
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dissecting small animals, where the point of the blade is almost 
the only part employed, whilst A and F are more fitted for 
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making long incisions in larger animals, and C for both 
purposes, and for transverse sections of soft parts as well. In 
tlie absence of these, the scalpels employed in the medical 
scliools may be used; generally speaking, however, they arc 
far too large for microscopical dissection ; the small instru- 
ments contrived for operations on the eye will be found much 
more suitable, and a case of the latter will be a good substi- 
tute for the greater part of the instruments above described. 

Va/e?itm's Knife. — One of the most frequent operations in 
microscopical investigations is the making of fine sections; for 
this purpose, the scalpels before noticed, or a 
razor, may Be employed ; but for large sub- 
stances that arc soft, like the liver, s[)leen, and 
kidney, the douhh-hladcd knife, the invention 
of Professor Valentin, may be used witli ad- 
vantage. Tills, as represented by A, fig. 231, 
consists of two double-edged lilades, one of 
whicli is prolonged by a flat piecr of steel to 
form a handle, and has two pieces of wood 
rivetted to it for the purpose of its being 
held more steadily to this blade ; another is 
attached by a screw ; this last is also length- 
ened by a shorter piece of steel, and both it 
and the preceding have slits cut out in them 
exactly opposite to each other, up and down 
which a rivet, a, with two headsj is made to 
slide, for the purpose cither of allowing the 
blades to be widely separated oi* brought so 
close together as to touch ; one head of this 
rivet is smaller than the hole in the end of the 
slit, and can be drawn through it so that the 
blade seen in the front of the figure may be 
turned away from the other in order to be 
Fig. 231. shai-pcned or to allow of the section made by 
it being taken away from between the blades. Ihc blades 
arc constructed after the plan of a double-edged scalpel, but 
their opposed surfaces arc cither flat or very slightly concave, 
so that they may fit accurately to each other, which is effected 
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more completely by u steady pin seen at the base of the front 
blade. The author, however, has found that if the blades be of 
the shape j*e])rescntcd by fig. 231, B, they will cut much bettiu* 
than those having the edges rounded. When this instrument 
is required to be used, the thickness of tlie section about to be 
made will depend upon the distance the blades are apart; this 
is regulated by sliding up or down the rivet, as the blades, 
by their own elasticity, will always spring open and keep the 
rivet in place ; a cut is then to be made by it, as with an 
ordinary knife, and the part cut will be found between tlic 
blades, from which it may be separated either by opening 
them as wide as possible by the rivet, or by turning them 
apai‘t in the manner before described, and floating the section 
out in water. 

Dissecthtf/ Needles , — These instruments differ but slightly 
in shape from scalpels; they are of two kinds, the straight 
pointed and the curved^ one of the former is shown at fig. 207, 
page 305, and one of the latter by fig. 232. Both of these 



Fig. 

forms can be made sharp on a hone, and with either of them, 
and a delicate pair of forcei)s, very excellent dissections of 
small subjects, such as insects, may be made ; when used in 
pairs, they will be found very serviceable in separating or 
tearing asunder delicate animal and vegetable tissues under 
the microscope; for this jnirpose a pair of the curved form 
will be found most convenient. As substitutes for the instru- 
ments just described, various kinds of needle-holders have been 
contrived, three of the best of these arc shown in fig. 233 ; 
in all, needles of various shapes and sizes can be held firmly — 
in the first and third the needle is secured by a sliding ring, 
and in the second by two screws ; in the first and third also 
the handle is hollow to contain needles, but in the second it is 
solid. When needles are employed, they may be curved by 
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making them red liot in the flame of a spirit lamp, and after 
they have been bent to the proper shape, they may be 




Fig. 233. 


hardened again by heating them a second time, and dipping 
tliera into cold water or tallow. The needles selected sliould 
not be very long, as tliey arc apt to be too springy; to prevent 
this, they should not be allowed to project far beyond the 
holder; their points may be ground very sharp, or be made 
with a cutting edge like a scalpel, by means of a ^J.'urkey 
stone. These instruments arc sometimes employed for mount- 
ing objects in balsam, as described at page 305 ; but a more 
common kind will on the whole be rpiitc as (convenient, and 
less trouble will be re(pured in keeping them clean.* 

Non^cutfmg Instruments , — Besides the instruments above 
mentioned, many others will be found necessary for the pur- 
poses of dissection; these consist principally of troughs or 
vessels for holding the subjects to be dissected, of blocks of 
wood for supporting the same, of corks loaded with lead, and 
of supports for the arms and wrists, tcrmetl rests; pins of 
various kinds, braces, a pair of pliers, an old scalpel or two, 
and a small syringe will all be occasionally rcipiired. 

2'rou(jlis , — As most delicate dissections arc conducted under 
water, some form of vessel, made cither of metal, earthenware, 
or glass, should be cmidoyed. These may be of various sizes, 
from a foot to two feet in lengtli, and of a proportionate 
breadth and depth, if made of metal, tin or zinc, well japanned, 
may be used; the shape should be such that the bottom may 

* All the various kinds of cutting iiistruTiicnts employed for dissecting 
may be obtained of J\[r. Thomas Weedon, surgical instrument-maker, 
No. 41, Hart-street, Bloomsbury, whose ingenuity, as displayed in tliclr 
construction, is so very well known. 
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give firm support to a loaded cork. Various descriptions of 
earthenware troughs arc kept on sale in shops, that will answer 
very well for many purposes; these arc certain kinds of 
square soap dishes, some provided with covers, others not. 
Saucers of various sizes, small covered jars in which potted 
meats, pomatum, and substances of a like kind arc kept, will 
be found very useful occasionally. Convenient troughs may 
also be made of pieces of stout plate-glass, cemented together 
by marine-glue; their edges should be ground flat, so that 
another piece of plate-glass may be laid on to form a cover. 
Those troughs that arc white in the inside may be made 
black with sealing-wax varnish, but in these spirit cannot be 
employed. The most convenient sizes for troughs in which 
injections are to be examined under the compound microscope, 
are three inches square and one inch deep, or three inches 
long, two inches wide, and one inch deep ; much larger sizes 
than these cannot well be supported on the stage-plate. 
When small objects arc necessary to be dissected by trans- 
mitted light, some of the cells described at page 294, may be 
employed, the plate-glass allowing the light to pass tlirough 
readily. Mr. Pritchard supplies with his microscopes some 
little b]\ass troughs, with glass bottoms ; these can be fixed to 
the stage-plate by a bayonet catch, and will be foiqid exceed- 
ingly useful. 

Loaded Corlts , — These consist of flat pieces of cork, of 
various degrees of thickness, that are covered over on their 
under surfaces with sheet-lead of sufficient weight to make 
them sink in fluid. The lead may either be cemented to the 
cork, or it may be cut a little larger than it, and folded over 
the edges rather loosely, so that when the cork is expanded 
by the fluid, it may not rise up in the middle. If a loaded 
cork is not at hand, its place may be supplied by a plate of 
the required size, kept steady by flat weights of lead. Some 
j)crsons employ plates of wax, or a little of the same substance 
melted iiito the bottom of the trough, as a substitute for the 
loaded cork, but the pins do not hold in it very well. IVIr. 
Goadby has described a plan* of securing insects about to be 
* Tmnmctiom of the Society of Arts^ vol. 1., ])art ii., page IJ I. 
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dissected by a mixture of white wax, flake white, Venice 
turpentine, and hog’s-lai-d; into this, when melted in the 
bottom of the trough, tlie insect is to be placed, and when 
the mixture becomes cold the insect is fixed in the position 
required. The subject about to be dissected may be attached 
to the cork by pins, or some thin braces of cork, with a pin at 
each end, may serve to confine any part too tender either to 
receive a pin or that would be injured by it. Small hooks, 
made out of pins, needles of various sizes, and spines of Cacti\ 
will all be found of essential service for the purpose of securing 
delicate animals to the cork. 

llesis. — These, which were much used by Mr. Goadby, 
consist of two Inclined planes of wood, as shown at a in fig. 
234, for the purpose of supporting the anus and wrists of the 
dissector. They may be made of the Ibllowing dimensions, 
viz., eighteen inches long, six inches wide, and one inch thick ; 
the upright piece to support the raised end should be about 
six inches high. If the trough in which the dissection is 
placed be large and steady, the uprights may be dispensed 
with, and then two plain pieces of wood resting on the sides 
of the trough will answer equally well. Blocks of wood, of 
various sizes, will be required to elevate the troughs to a par- 
ticular height for dissection. The pliers will be useful for 
bending the pins and pressing them firmly into the cork, and 
the small syringe will be necessary for washing away particles 
of fat or other loose kinds of tissue that may be i^jund in the 
interior of small animals. 
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CHAPTER XIV. 

METHOD OF DISSECTING VEGETABLE AND ANIMAL TISSUES. 

Veyetahles . — The process of dissecting vegetable tissues is 
much more easy and less complicated than that of animals, 
the chief operation in the former being the separation of the 
woody and vascular parts from the investing cellular ones; 
this is effected by the coml>ined operations of maccrjiting and 
tearing, little (If any ) absolute cutting being required. 

For the purpose of dissci^ting S[)iral vessels, and particular 
kinds of woody fibres, either of the simple microscopes before 
mentioned will suffice ; of these, jierliaps, that of J\Ir. Slack, 
described at page 57, will be the best ; but that of Mr. Powell, 
figured at page 52, or those of Mr. Ross, at pages 59 and 61, 
when provided with the arm rests, will be found nearly as 
convenient. A good idea of the structure of a plant may be 
known by sections made in various parts and directions by 
the machine described at page 336 ; but the individual cells 
or vessels must be dissected away from the enveloping tissues 
before their true nature can be properly understood. The 
process consists of making these tissues very soft by macera- 
tion, in order that they may easily be separated from others 
that arc mofc durable ; tlie maceration should be carried on in 
water, which, for the purpose, should not be changed (however 
offensive it may become) until the parts dissected are clean 
enough to be mounted, as the addition of fresh water will 
retard the macerating process. Supposing the objects to be 
dissected out to be spiral or other vessels, and that by mace- 
ration the surrounding parts arc soft, a portion containing 
the vessels must be laid cither in a glass trough, or on a glass 
with some water, and placed upon the stage of the microscope, 
one part being held with the forceps, whilst another pair of 
forceps, or a dissecting needle, is employed to separate all the 
cellular tissue from the vessels ; sometimes two, of the needles 
may be used for the purpose instead of the forcc])s. As soon 
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as the whole or any of* the vessels have been sufficiently 
cleaned, they may be placed in some fresh water, and the 
process of dissection repeated until they are fit for mounting, 
which should be done in fluid in a thin glass or other suitable 
cell. Wlien the vegetable matter is very tough, and the 
vessels firmly aggregated together in bundles, as in the edible 
rhubarb and asparagus, they may be easily separated af*ter 
boiling ; this plan will also answer very well for leaves tliat 
are very thick, and from which the cuticle can only be dissected 
with difficulty. Dilute muriatic acid may also sometimes be 
employed as a macerating fluid, but if the parts are vsubse- 
qucntly to be dissected, the vegetable matter should be w(dl 
washed before the steel instruments arc used, otherwise they 
will be liable to become rusty. In such plants as the J*hubarb, 
and various species of cactus. In which oxalate of lime abounds 
ill stellate crystals, termed raphidvs^ caustic potash may be 
employed to decompose the v(*getable tissue; and, to save 
lime, the potash may be heated, and, after sundry wi shings in 
boiling water, the crystals may bo obtained perfectly (‘lean. 
'Die cuticle of the leaves of many plants may be very easily 
rianoved after a little maceration, a small portion being 
S(*ized by the forceps and torn olf; much larger pieces may be 
f*re(picntly stripped off’ by means of a scalpel and the thumb, 
the cuticle being first raised by the former, then firmly kept 
n[)on the blade by the latter, and torn in the direction in 
which it is most abundant. The cuticle of the P(dar(jonhnn 
tribe will be found amongst the most beautiful. 

Animal Timata , — For this purpose all the ajiparatus described 
under the head of dissecting instruments will be rciiuired. 
In the invertebrate scries, the process resembles very much 
that of vegetables; after having laid open the body, tbe various 
parts may be separated or unravelled by means of the foi*ceps 
and the dissecting uccdlcs, but in the higher or vertebrate 
series, the scissors, scalpels, and the other cutting instruments, 
will be In frequent demand. It would be impossible in a 
treatise like the present to give a code of rules applicable to 
all kinds of animals, but our remarks must be confined to those 
most generally useful to the microscoiast, as lull directions i’or 

2:1 
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coarser dissections will be found in works devoted especially 
to the subject. 

The dissections in which the microscope is most frequently 
employed, are those of the nervous system, cither in small 
animals or in minute parts of the larger ones; for this purpose 
either of the simple forms, especially that of IVIessrs. Powell 
and Lcaland, described at page 52, will be found useful. The 
subject to be dissected may be securely fixed to a loaded cork, 
atid placed in a trough containing water, as shown at c in 
lig. 234 ; where also are represented, at a 6, the two inclined 



supports for the arms, termed rests; these, as described at 
])agc 351, consist of two inclined phinesof wood, placed one on 
each side of the trough in which the subject to be dissected 
is contained, and giving firm support to the arms and wrists 
of the operator. If the trough be a shallow one, it may be 
raised on a level with the rests by means of a hloelt^ as shown 
at iL The microscojie is to be brought over the trough, and 
the subject adjusted to the focus, an inch or a two-inch mag- 
nifier may be employed, or even higher, acccording to the 
delicacy of the dissection ; if the subject be very minute, it 
may be placed in a small trough and dissected upon the stage 
of such microscopes as those represented by figs. 36, 37, 38, 
and 39. These instruments will be found particularly useful 
in the preparation of muscular and nervous fibres, and objects 
of a similar kind, previous to their examination under higher 
powers. The compound microscope, when provided with tlic 
erector, described at page 1 25, will answer very well for many 
kinds of dissection, as both the object and the dissecting instru- 
ments arc not inverted, but seen in their natural position; 
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the magnifying power of the microscope can also be greatly 
reduced by the employment of the erector. iM. Oberhauser, 
of Paris, has constructed a microscope on this principle, for 
the i)urposes of dissection, in which only one object-glass is 
required for all variations in the magnifying power, from 
eight to one hundred and thirty-five diameters. This instru- 
nient is represented by lig. 235, and consists of a circular foot 

bjise, a 5, four inches in 
tliamcter, with which is con- 
ncctcd a stout tube, c, two inches 
F high, supporting a stage, e, the 

internal part of this, F, being of 
VJpil ^ black glass unpolished ; the tube, 

c, is capable of being turned 

stage, 

( '^ ) together with the compound 

Ji body and its siq)port, (/ A, can be 

turned upon it. The ^ube has 
V ^ oblong opening in front, one 

' ^ broad, to allow 

the light to fall on the mirror, ?«, 

- - motion of the tube 

I on the foot, this opening can be 
^ A I yI p placed in any position to receive 

* Jk 1^ without turning either 

I y y \ft compound body o? the foot 

in the same direction. The 

mirror is inclined at any angle 

hijr. 23j. means of the milled head, (L 

The stage is somewlijit like a battlcdoor in sliaj>o, and to the 
narrow ])art, forming the handle, a strong support, </, for the 
compound body, //, is firmly attached. '^Fhe compound body 
itself is composed of three tubes, h 1 K, sliding one within the 
other, the outer one, h, serving for the attachnnmt ot‘ all three 
to the support, y. The next tube, I, carries the object-glass, 
o, and is moved up and down by rack and pinion, the latter 
being connected with the milled head, L ; by moans of this 
the focal adjustment is made. The third tube, K, carrying the 
23* 
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cyc-piece, at its upper and an erector at its lower end, 
is also moved up and down by rack and pinion, by turning 
the milled licad, L'. By the employment of an erector at 
the lower end of the tube, K, this microscope becomes, in 
every respect, similar to the compound instrument described 
at ])age 69, and objects arc not seen by it in an inverted 
position, therefore it can be employed in dissecting. When 
the tube, K, is* turned down closely upon I, the object-glass, 
o, is farthest from the object, and a magnifying power of eight 
diameters is obtained ; but if this tube be turned out as far as 
it will go, the object-glass must then be brought nearer the 
object, and the magnilying power will be as much as one 
hundred and thirty-five diameters. This microsco{)e will be 
found very convenient for many purposes where a great 
amount of defining power Is not rc([ulred ; and as any vari- 
ation in its magnifying between eight and one liundrcd and 
thirty-five diameters can be readily obtained by turning the 
milled heads, L and L', without the tinmblc ol* shifting the 
object-glass, this i)oiut alone is sufliicicnt to entitle it to a fai)* 
share of ])raisc. The author’s attention was first directed to 
this microscope by Dr. John Hughes Bennett, but the descrii)- 
tlon was taken from a similar instrument in the possession of 
Mr. C. H. Hallctt. 

Anotlicr very excellent form of dissecting microscope is 
that made by M. Nachet, and represented in fig. 236, 1 ; it is 
mounted on a tj ipod stand, and, like the instrument of Powell, 
before dcscribpd in page 52, can be brought over the vessel in 
which the dissection is being carried on. If, however, it be 
rc([uircd to examine transparent objects, a plain stage, sup- 
ported on legs, with a mirror underneath, or a box like that 
mentioned In [)ag(j 53, will be all that is necessary. This 
microscope has one j)rinclpal advantage over that of any other 
form of dissecting microscope yet contrived, viz., in the incli- 
nation of the upj)er part of the eye-piece, so that the observer 
is not rccpiired to bend his head, but to look straight forwajd, 
whilst at the same time the object is seen in its natural 
position. In fig. 236, 2, is shown a section of the compound 
body, by which it may be easily seen how these two important 
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points arc accomplished; at the lower end of the compound 
body, immediately above the object-glass, :r, a prism, is 
introduced to erect tlic image of the object, //; the lower lens, 
c r, of the eye-piece is of the ordinary construction, but that 
of h d is a prism having its lower surface convex and its upi)er 
one, 0 , plane; by these means the rays of light from the object 
are bent at an angle of about 45^ and the image is seen in the 
direction of the line o d, 'Fliis microscope is fully described by 
M. Kobin in his work Du Microscope et des lujcctiovs; from 
which the representations given in the preceding page have 
been copied ; tlic compound body can also be adapted to the 
upright form of instrument before described in page 108. 

If the subject to be dissected be a portion of injected 
mucous membrane, it may be pinned out on one of the 
loaded coj-ks, and placed in a trough with water; and if it 
have previously been kej)t in spirit, it should be w’cll waslied 
in the Avatcr before examination by the microscope ; for this 
purpose} tlic small syringe alluded to in page 351, will be 
re((uired. The subject may cither be dissected under a lens, 
or may be from time to time examined by a compound 
microscope as the dissection is being proceeded with ; for this 
j)ur])osc the instrument described at page 52 may be employed, 
or one of the kind represented by fig. 237, which the author 
has found very convenient, and is in the habit of keeping 
ahvays on the table whilst dissections are being carried on. 
It consists simiily of a tube, a 5, fonning a compound body, 
wliicli is cajiablc of being moved up or down in an outer tube, 
supported on a curved arm, d^ by a rack and pinion connected 
with two milled heads, one of which is seen at c ; the end ot* 
the suiiport, d, is made conical at c, so that it may be fitted 
into a hole in a block of wood, g ; this forms the stage, and 
on it all the smaller troughs may be placed. The compound 
body so mounted will also answer for transparent objects 
when adapted to a stand supplied with a mirror. Such 
an instrument will be found exceedingly useful, and, without 
the object-glass and the eye-piece, may be procured at a 
trifling cost. 
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DISSECTION OF PAUTICULAU TISSUES. 

Nerve . — The more delicate the structure of* any tissue, the 
sooner after death should its dissection take place; thus nervous 
matter, the peculiar characters of which are tlie least perma- 
nent of all, should be examined with as little delay as possible. 
If the ultimate fibrilhe be required for inspection, a small 
nerve should be selected and placed on a slide, with a little 
serum of the blood of the animal, or, in the absence of this, 
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fi sinnll (iiuintity of the Avlntc of uii egg, aiul be torn as gently 
as possible with the dissecting needles ; a thin cover may be 
laid over it previous to its being viewed. As soon as the true 
strucliire has been well seen, water, ether, and other fluids 
may be added, to show how much they change its original 
ajipearance. 

JMusde . — This may be selected from an animal at a later 
period after death than nerve (unless the changes it undergoes 
in contracting require to be examined), as its peculiar charac- 
ters arc much more permanent. A small portion, freed from 
all cellular tissue, may be removed from the mass, and 
placcil on a slide with some kind of fluid; the slide may then 
be laid on the stage plate of the dissei^ting microsiiope, and the 
fibres torn asunder liy the needles, as in the case of nerve; 
if the jiarts require to be preserved in fluid as an object for 
future examination, the fibres may be laid on the slide without 
any moisture being present, and after the separation has been 
cariled as far as necessary, then the preservative fluid may be 
added, and the cover laid on and sealed down with the gold- 
size in the usual way; when this is done there will be very 
little risk of the preparation shifting its jilacc, which wouM 
happen if It were removed to another slide. The nerves of 
muscle may be displayed in a thin layer of delicate fibres, 
which ftn'iu a portion of the abdominal wall of a frog ; by 
employing ihe comjiressor, they may also be seen with the 
capillary blood vessels as well in some of the very thin re(*ti- 
musclcs of the eyes of small birds ; for this purpose the eye 
should be removed as soon after death as possible, and the 
most transparent of these muscles dissected away, and lai<l 
between glasses, or in one of the forms of compressors described 
in page 137 ; if this be managed carefully, the blood will be 
seen in the v^csseis, and a good view will be obtained of the 
comparalive sizes of the lujrvous and muscular fibres of the 
(!apillaries, and even of the blood particles themselves. The 
mode of connection of the muscular fibres with those of ten- 
don, may also be very well studied in a preparation of this 
kind. The largest muscular fibres will be found in fishes and 
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reptiles, the smallest in biitls. The fibrilhe may be well dis- 
played in the muscle of some of the Crustacea, even the shrimp 
and the lobster will show them after they have been boiled ; 
but the best specimens of all may be obtained from the muscle 
of the pig, the very exquisite specimens, for the preparation 
of which Mr. Lealand has become so justly celebrated, are said 
to be procured from this animal. The voluntary muscular 
fibres of all the vertebrate animals have transverse strije ; but 
the involuntary, with the exception of those from the heart, 
arc without them. In the invertebrate scries, according to 
Mr. Busk, the articulate animals, such as insects, have striae ; 
but the other classes, such as the mollusca and ccphal()])oda, 
although higher in the scale, rarely have markings at all. ^^he 
involuntary fibres are best procured by being dissected from 
tlie muscular coat of some part of the intestine or the stomach 
of animals : they arc more difficult of separation than those of 
the voluntary class, and much sooner lose their characteristic 
structure. The fibres of old animals, and even of young ones, 
from want of‘ use, sometimes undergo a fatty degeneration ; 
this is shown by a nearly total absence of the striic, and by 
the presence of numbers of oil globules instead; these last 
may be known (as will be again pointed out) by their ready 
solution in sulphuric ether. 

"Tracheoi , — These may be beautifully seen in some of the 
small parasitic insects, when mounted cither in fluid or in 
(Canada balsani (provided the latter has not gained entrance 
into them, as then they will be more or less indistinct). The 
arrangeement of the large branches, and their communication 
with the external orifices, termed spirarlrs^ may be well 
displayed in the perfect insect ; but for their minute distri- 
bution upon the coats of the various viscera, as well as for 
their examination with higli powers, the dissection of each 
part separately will be required. For this purpose the insect 
should be placed in one of the small troughs with water, and 
securely fixed to a loaded cork, or to a plate of ^^ ax by 
pins; the body being laid open, next to ihc large viscera the 
tmeheaj will become visible. The stomach or intestinal caniil, 
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if large and transparent, will exhibit the minute ramifications 
the best; for tliis purpose, after being slit open and well 
Avashed, they should either be mounted in fluid, or placed 
upon a slide to dry ; if care be taken in the mounting, they 
Avill show A"cry Avell in balsam. The best plan to pursue in 
these cases, in order to prevent the balsam from entering the 
tube, is to drop a little of it when warm uj)on the j)roparation, 
and before it gets quite cold, to lay on the cover (witli its 
under surface heated), and to press it to exclude all the air 
bubbles and the excess of balsam. When the entire tracheal 
system is required to be dissected from the larva of an insect, 
all the viscera should be taken out, the main trunks, with their 
tufts of branches, will be then seen running down on either 
side of the body ; and if care be taken in the dissection, the 
whole system may be removed from the visceral cavity, and 
laid out on a slide to dry previous to being mounted in 
balsam. By far the most simple method of procuring a perfect 
system of tracheal tubes from the larva of an insect, is to 
make a small opening in its body, and then to place it in 
strong acetic acid; this will soften or decompose all the viscera, 
and the trachcas may then be Avell Avashed Avith the syringe, 
and removed from the body Avith the greatest facility, by 
cutting aAvay the connections of the main tubes with the 
spiracles, by means of the fine-pointed scissors ; in order 'to 
got them upon the slide, this must be put into the fluid and 
the trachem floated upon it, after Avhich they may be laid out 
in their proper position, then dried and mounted in balsam. 

TIi£ Spiradca require very little dissection, they may be 
cut from the body Avith a scalpel or a pair of scissors, and 
mounted either in fluid or in balsam; very beautiful examples 
may be seen in the Dyticm viarginalis^ in the larvas of the 
Blow-jly^ and the Cockchafer j and other equally common insects. 
Large tracheal vessels, Avhen cut across transversely, will 
sometimes exhibit the fibre unrolling, as is often seen in the 
spiral vessels of plants ; but the two diftcr in this respect, in 
plants the spiral fibre is situated Avithin a membrane, whilst in 
insects it is betn een two membranes. 
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Having now given sonic preliminary directions that may be 
required by the microscopist for the dissection of important 
parts of animals generally, it only remains to describe the 
best method of proceeding to procure certain well-known 
preparations from particular individuals ; these will be referred 
to separately in that part of the work devoted to the prepara- 
tion of objects of great interest. 


CHAPTER XV. 

MKTIIODS OF EXHIBITING OBJECTS OF INTKREST. 

The Circvhition of the BhofL — This wonderful phenomenon, 
although insisted on by the immortal Harvey, was never 
witnessed by him: it appears to have been first discovered in 
the water newt, by Mr. William Molyneux, in the year 
1683.* Leeuwenhoek, the father of microscopical discoveries, 
was cognizant of it, and in his works arc given both illustra- 
tions and descriptions of the method of examining it in a 
little fish and in an eel; it was also the most favourite object 
lor exhibition with the older microscopists, and every instru- 
ment was provided with \\sfish pan and its tube for small eels. 
In more modem times the frog has been principally used for 
the purpose; and by the achromatic compound microscope 
the circulation has been witnessed in some of the smaller 
mammalia, in insects, in Crustacea, and even in animals as low 
in the scale as the polyq)ifcrous zoophytes. 

In certain spiders and msects the circulation may be shown 
by placing them, without water, in an animalcule cage (which 
will be found to answer the purpose of the lice bo.r of the 
older microscopists), or they may be held by the forceps; in 
some spiders it may be seen in the h^gs; in insects in the 
transparent wings and antenna;, and sometimes in the legs : 

* Philosophical TrunsartionSy vol. xv., p. 123G. 
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according to Mr. Pritchard, it may be witnessed in the Perla 
viridis and Scmhlis hilineata^ when they have just emerged 
from tlic chrysalis. Tlie most favourable subjects for its exhi- 
bition are those found in water, viz., certain larva?, together 
Avith small Crustacea and annclidcs ; these may be placed for 
examination either in the animalcule cages described at 
page 130, or in the water trough shown at fig. 93, or even 
in any suitable tubular or drilled cell, and covered over 
with thin glass. Amongst the most beautiful arc the larvic 
of the following insects, viz., the Ephemera or day-fly, the 
Plumed gnat, the Tlydrophilus caraboides, and a Dragon fly 
named Agrion puella; and amongst the Crustacea may be 
mentioned the ordinary Water-flea, or Monoculus, the Daphnla 
pulcx, or Arborescent water-flea, both of which are very com- 
mon In stagnant pools, together with the fresh-water shrimp, 
and various species of Oniseus or Water-hog, all of which may 
be examined in the Avater trough or in a large animalcule cage. 
The circulation in the larva of the Ephemera marginata has 
been accurately described in the first volume of the Entomo- 
logical Magazine^ by Mr. Bowerbank; where also intiy be 
seen a well-executed figure of the larva, as shown by the 
microscope. The blood is colourless, and consists of numerous 
oat-shaped cells or particles not contained in vessels, but which 
arc sent to all parts of the body by the pulsation of a large 
dorsal vessel or heart, extending nearly the whole length of 
the trunk, and furnished with valves of a peculiar construc- 
tion, about equal in number to the segments of the body. 
Besides the circulation of the blood in this animal, there are 
many other points of interest which may be seen with the 
half-inch object-glass. The structure of the valves can only 
be well seen when they move slowly, and then only -in the 
three or four last segments of the body, when the vital powers 
arc nearly exhausted. In the Daphnla pulex, the oval dorsal 
vessel or heart may be seen pulsating rapidly on its least 
convex side or back, and the corpuscles of blood may be 
noticed in its immediate neighbourhood in an active state of 
movement by a magnifying power of two hundred, or the 
quarter-of-an-inch object-glass, when the animal is confined 
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in a large animalcule cage. In page 41 of the second edition 
ol* the Microtjruphia llhistrata of the elder Adams, published 
in 1747, it is stated that the circulation could be seen in the 
legs and feet of small spiders and in the legs of bugs ; and the 
movement of a greenish fluid was also to be observed in tlic 
wings of grasshoppers. Leeuwenhoek, he tells us, discovered 
the circulation in the shrimj) and even in the farthest joints 
of the legs of little crabs, which animals may be ibund under 
brickbats and stones on the shores of the river Thames, when 
the tide is out unfortunately for the microscopist, these last 
are no longer to bo seen in such localities. The circulation 
of the blood may be readily viewed in many small fishes ; the 
older microscopists cmj)loycd the eel, the carp, the gudgeon, 
and the flounder, for the purpose of exhibiting it ; these were 
cither confined in the fish -pan, or placed with water in small 
glass tubes; but the fish now commonly used is the Stickle- 
back, Gasttn^osti'us. Flounders, when sufficiently small, form 
very beautiful objects, but arc much more rarefy met with 
than the stickleback, which is abundant in most ponds and 
ilitches. Amongst the ) e])tilcs, the newt and frog, and the 
tadpoles of each, are generally employed ; in the former the 
cinnilatlon may be viewed in the tail, in the feet, and in 
the branchiaj, whilst in the latter the Aveb of the foot, the 
tongue, and the branchiie and tail in the tadpole, are the parts 
which exhibit it to the best advantage. In the mammalian 
tdass, it can be seen in the wing of the bat ainl ear of the 
mouse, and in other parts not too opa(|uc. In some of the 
invertebrate animals, it Avill be noticed that, although the 
blood itself is of a red (*olour, still its discs or corpuscles 
are white, the colour, unlike that in the vertebrate series, 
being due to the fluid in which the corpuscles float, and not 
to the corpuscles themselves. 

Method of Vlewlmj the Circulation in the Vertebrata. — The 
tadpoles of the newt, frog, and toad, when about to be 
examined, must be plnced eith(*r in a lai*gc animalcule cage, 
or in the trough describ(*d at page 142, where they may be 
subjected, if necessary, to slight pressure, ddie larva of the 
newt, when about an inch in length, with the branchue 
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external, is, perhaps, one of the most wonderful objects that 
can be seen by the microscope; the large blood corpuscles 
may even be traced as far as the extremities of the toes, but 
the cii’culation in the branchiae is the most striking, as there 
the large capillary vessels are directly under the influence of 
the heart’s action, and the movement of the corpuscles is not 
continuous but synchronous with that of the pulsation of the 
ventricle. In large newts, the circulation can only be 
examined in the tail ; for this purpose, it will be necessary to 
confine them to a piece of glass or a long cell, by means of a 
bandage of tajie ; but the tail being vertical, instead of hori- 
zontal, the body must be kept firmly fixed, otherwise the tail 
cannot well be secured. Some persons place the animal in a 
glass tube with water, but unless there is some contrivance 
under it like Mr. Varlcy’s ^/r//7e chamhevy the vessels cannot be 
seen distinctly. With fish, the plan the author has found 
most convenient is exhibited by figs. 238 and 239 ; in fig. 238, 
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Fig. 238. 


a b rci>rcscnt^ a j)latc of glass about three inches Jong, and an 
inch-and-a-half wide, upon w hich is cemented a glass cell, 7, 
having a long oval cavity, c, deep enough to contain an ordinary 
sized stickleback ; to the under surface of the bottom plate of 
glass, at the corners, arc cemented, as shown by fig. 239, four 

strips of plate-glass, 

0 


ft 

about a quarter -of - 
an-inch Avide, after 
the plan shoAvn at c ; 
these serve to raise 
the bottom plate in 



Fig. 239. 


such a manner that when the trough 


is laid oil the stage of* 


the microscope, the bandage, f/, will not interfere Avith its 
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standing perfectly flat. The bandage should be from eight 
inches to a foot in length, and half-an-inch or more in width ; 
a small piece of it should be laid in the bottom of the 
trough, and upon this the fish is to be placed horizontally, 
the bandage may then be wound round the cell and the 
body of the fish, to secure it from kicking very much, 
but not so tight as to stop the circulation, taking care 
that all the turns are within tlie recess left between the 
strips of glass, as shown by d in fig. 239. Some water is 
now to be added, so as nearly to fill the cell, and the tail of 
the fish is to be sj)rcad out as shown at /in fig. 238. In 
order to prevent the tail from being flapped up against the 
object-glass, a thin piece of brass or other metal of either 
of the sha2)es represented by « or ^ in fig. 240, is to be 
placed over the body of the fish, the 
large end being turned towards the 
head, and the small so arranged as to 
cover the commencement of the tail, 
as shown in fig. 238 at g, and in fig. 
239 at e. The metal may be secured 
by the bandage, but it should not be 
so long as to cover the entire length 
of the fish, but only about half-an-inch of the caudal 
extremity, otherwise the movements of the body cannot 
be entirely controlled. In order to prevent any of tlic 
water from being splashed out of tJic cell, and also to secure 
the object-glass from having any moisture coiidensed u])on 
it, that part of the cell immediately over the tail may be 
covered with a piece of tliin glass, which will answer both 
purposes; the cell must be nearly full when the glass is laid 
on, otherwise if a stratum of air intervene between the water 
and the thin glass, correct definition cannot be obtained. 

Circulation of Blood in the Frog . — The part most commonly 
employed for this purpose is the transparent web of the hind 
foot; and in order to secure the animal, and keep its web 
open, various contrivances have been had recourse to. The 
older microscopists, as seen in the w^orks of Baker and Adams, 
were in the liabit of tying the frog to a frame of brass with 




368 


mantpulatiok. 


some fine cord ; but now, as first practised by Mr. Goadby, the 
entire body, with the exception of the foot to be examined, is 
secured in a linen bag, which is fastened to a plate of brass, 
tcrnicd the froj-plate^ as shown at a a m fig. 241, and fully 



described at pjJge 141 ; tliis is so contrived as to be lield 
firmly by some part of the stage of the micjroscopc, and 
moved about with it. Although the shape of the plate, ns 
constructed by our priiici])al instrument-malvcrs, may vaiy 
considerably, the mode of using it, nevertheless, is nearly the 
same in all. A linen bag should be provided, about three or 
four inches in length, and two-and-a-half inches broad, as 
sliowii at h b in fig. 241, halving a piece of tape, r c, sewed to 
each side about midway between the mouth and the bottom, 
and the mouth itself should be capable of l)cing closed by a 
drawing string, d d. Into this bag the frog is placed, and 
only the leg in which the circulation is about to be examined 
kept out of the mouth, the string, d r/, is then to be drawn so 
tight around the small part of the leg as to prevent the foot 
from being pulled into the bag, but not to stop tlic circulation ; 
three short pieces of thread, are now to be passed round 
the three principal toes, and the bag with the frog is to be 
fastened to the ])late, a a, by means of the tapes, c c. AVhen 
this is aeeomplishetl, the tlircads, are to be passed oitli(‘r 
through some of the holes in tlie edge of the plate, three of 
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^Yh^ch are shown by tj g in order to keep the web open, or 
what answers better is a series of pegs of the shape repre- 
sented by hy each having a slit, z, extending more than half 
way down it ; the threads arc Avound round these two or three 
times, and then the end is secured by putting it into the slit, z. 
The plate is now ready to be adapted to the stage of the 
microscope; the square hole over which the foot is placed 
must be brought over the hole in the stage through Avhicli 
the light passes to the object-glass, so that the web can be 
strongly illuminated by the mirror. The magnifying power 
employed should be from fifty to a hundred diameters, or 
the one-inch or tlie half-inch object-glass. If the individual 
corpuscles of the blood and lymph are required to be seen, the 
quartcr-of-an-inch object-glass should be used. Those who 
are not in possession of a brass frog-j)latc may employ a piece 
of soft wood or a layer of cork, about six inches long and two- 
and-a-half wide, for the purpose ; a hole about an inch long 
and threc-quartcrs-of-an-inch broad, as shown at h in fig. 242, 

being cut through it near 
to one end. The frog 
secured in the bag, and 
tied to the cork in the 
same way as to the brass 
plate, is to have the web 
brought over the liole, /> ; 
small pins, r/ // r/, may 
then be passed through 
the web into the cork 
close to the toes, r r r, to 
keep it open. This plan, althougli more easily managed and 
attended with much less trouble than that represented by 
fig. 241, is, nevertheless, generally looked upon by the fair 
sex as a much more cruel act than where the threads arc 
employed. Some persons adopt the plan of tying the bag 
containing the frog to th * plate, in the manner shown by 
fig. 241 ; but, instead of employing either strings or pins, 
they spread out the web of the foot upon the glass at the end 
of the plate; the animal Avill generally keep its foot steady 
24 
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upon this after a few trials, especially if the glass has been 
previously wetted. A frog so mounted is capable of exhibit- 
ing many of the effects of inflammation; if, for instance, a 
spot in the web be touched with the point of a needle, or a 
small drop of alcohol or other stimulating fluid be placed upon 
it, the circulation will stop In that part for a longer or shorter 
period, according to the amount of injury inflicted, the vessels 
in. the neighbourhood will soon become turgid, and even 
sometimes be entirely clogged up with blood ; if no further 
stimulus be applied, they will be seen to rid themselves of 
their contents as easily as they became full, and, after a time, 
the circulation will be restored in every part. F or those who 
are unacquainted with the parts which may be observed by 
the microscope in the foot of the frog, it may be as well here 
to state that the majority of vessels in which the blood is seen 
to circulate arc veins and capillaries; the former may be 
known by their large size and by the blood moving in them 
from the free edge of tlie web towards the leg, also by their 
increase in diameter in the direction of the current ; the latter 
are much smaller tlifin the veins, and their size is nearly 
unifonn, the blood also circulates in them more ([uickly ; the 
arteries are known by their small size, and by the great 
rapidity with which the blood flows in them, tlicy arc far 
less numerous than citlicr of the other vessels, and, generally 
speaking, only one can be recognised in the field of view at a 
time ; in 'consequence of their being imbedded deeper in the 
tissues of the web than the other vessels, the circulation 
cannot bo so well defined as in the latter. The black spots of 
peculiar shapes that occur in all parts of the web arc cells ol’ 
pigment, and the delicate hexagonal nucleated layer, which, 
with a power of one hundred diameters, can be seen investing 
the upper surface of the web, is tcsselated epithelium. 

Method of Viewimj the Circidaiion in the Tongue of the Frog . — 
The organ which, on account of the complexity of its structure, 
is the best adapted for examining the circulation of the blood, 
is the tongue of the frog, for into this enter nearly all the 
anatomical elements, viz., arteries, veins, capillaries, muscles, 
nerves, glands, membranes, &c., representing, in fact, almost 
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every kind of organization in a small compass. The following 
method of preparing this organ for examination under the 
microscope, without endangering the life of the animal, and 
which can be repeated a great number of times in tlie 
same frog, has been extracted from the lAmdon Physiolocfical 
Journal^ 125, being a modification of that recommended 
by Dr. Waller: — “ A piece of cork, from two to three inches 
ill breadth, and six to eight inches in length, is to be procured, 
in which is to be bored a hole of about half-an-incli in 
diameter midway between the sides, and about an inch-and- 
a-half to two inches from one of its ends. In this part the 
piece of cork should be of double thickness, which is effected 
by joining, by means of marine-glue, a small piece of cork 
upon the first piece. Upon this is laid the frog, previously 
enveloped in a linen band, or fixed to the cork by pins 
thrust through the four extremities, so as to prevent any 
great movements of its body or its feet ; it is placed 
upon the back, the end of the nose abutting on the border 
of the hole. The tongue, the free end of which is directed 
backwards, is then to be drawn out of the mouth gently with 
a forceps, and slightly stretched and elongated until it reaches 
a little beyond the opposite edge of the hole, where it is to be 
fastened by two ; the sides arc to be fastened over the 
hole in a similar way. In this state, the tongue presents the 
appearance of a semi-transparent membrane, which permits us 
to see through its substance ; and when placed between the 
light and the object-glass of the microscope, offers one of the 
most beautiful and marvellous spectacles which can ])Ossibly 
be witnessed.” The other parts of the frog in which the 
circulation can be viewed, are the lungs and the mesentery ; 
but for both these the abdominal cavity must be ot)eiicd. In 
many of the works of the old microscopists, especially Adams 
and Ledermuller, are shown various contrivances for exhibit- 
ing the circulation in the mesentery; the microscope of 
Lieberkuhn, described at page 17, nas contrived for this 
purpose, and for such was employed by Lcdermullcr. The 
plan now generally adopted is to dip the frog into water at 
the temperature of 120^’, whereby all muscular action is 
24* 
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stop[)Ctl, but the circulation still continues, the animal can 
then be very easily managed ; as soon as the body is opened, 
the lungs, from being full of air, will protrude; one of these 
is to be taken and bent over on a piece of glass placed on the 
stage of the microscope, and, viewed in the ordinary way, 
the magnificent sight then disclosed will baffle all powers 
of description. If the mesentery be required for the same 
purpose, it may, like the lung, be spread upon a plate of glass 
and examined in a similar manner. 

The circulation in the mammalia is to be seen, but not so 
distinctly as in the reptiles, the parts generally selected being 
the wing of a bat and the thin car of a small mouse; for 
this purj)osc the body of each animal must be firmly secured, 
and in the case of the former the wing may be held down 
by braces of cardboard ; the largest vessels will be fo\ind in 
the neighbourhood of the bones of the wing, from which they 
may be traced into the more tnins[)arcnt parts. The car of 
the mouse is more difficult to manage; after securing tbe 
body, one of the cars, slightly compressed by a brace, may 
then be examined ; the circuLation will be most clearly seen 
near the edge, but at the best of times the management 
of this active little animal will be found very troublesome. 
Luckily, however, aiiastluetic agents have the same power 
over these creatures as over the human subject, and the 
administration of chlorofonn may be adopted with the greatcist 
success tb keep both the bat and the mouse perfectly (|ni(;t 
without sto])ping the circulation of their blood. 
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CHAPTEK XVI. 

ON TliK CIUCULATION IN PLANTS. 

As long ago as the year 1774 it was known to botanists,” 
says Dr. Lindlcy,* that a certain ^Vbbe C'orti, of Lucca, 
liad published some remarkable observations upon the circu- 
lation of fluid in sonic aquatic plants, and that the accuracy 
of this statement had been confirmed by Treviraniis so far 
back as the year 1817 ; nevertheless, the fact does not seem 
to have attracted general attention until the publication by 
Amici, the celebrated professor, at ^lodena, of a memoir 
in the eighteenth volume of the '^rransavtions of tha Ttnliau 
Sovlvti/y which was succeeded by another in the nineteenth.” 
"riie plant enqJoyed by all these observers appears to have 
been a species of Chara, of whicli genus every species, whether 
ojiaque or transparent, will readily exhibit it; the transparent 
kinds without any previous preparation, whilst the opaipus 
from being coated with carbonate of lime, reipilrc to have 
this removed. Since the publication of Amici’s papers, the 
circulation of the sap in various plants, now termed by 
botanists Cyclosisy has occupied the attention of many indi- 
viduals in this metropolis; amongst the most noted may be 
mentioned tlie names of Air. K. II. Solly, the late Air. Slack, 
and Air. Varley ; to the latter gentleman we arc also indebted 
for many valuable discoveries lately published in the second 
volume of the 2yansavMons of the Microscopical Socief tp as well 
as for important apparatus for viewing the circulation, all of 
which will here demand our attention. 

Chara, — The plant which Air. Varley has examined so 
carefully is the Chara vulc/arisy an aquatic plant, found cither 
in stagnant, salt, or fresh water, always submerged, and giving 
out a most disagreeable fetid odour; its colour is green, the 
stem is branched and surrounded here and iliere with whorls 
of smaller branches, generally' nine in number; a portion of 
* yv}:^ctnhle Kinf^dton^ ‘2S. 
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a «tcni, with its whorls, is seen of the natural size in fig. 243, 
and magnified in fig. 244 ; from the centre of each whorl a 



Flif, 243. 



smaller branch is given olf^ and wherever this takes place some 
very delicate filaments, called roots, are found to grow from 
the opposite side. The main tube, as shown in fig. 244, is 
covered throughout its entire length with eighteen smaller 
tubes, and is coated very thickly in some parts with carbonate 
of lime, wJiich renders the stem both opaque and very brittle. 
Belonging to the same family as the Chara is a genus termed 
Nitclla, in which there are several species that exhibit the 
circulation, amongst them may be named the N. hyalina and 
rtexilis ; the stem of these plants consists of a single transpa- 
rent glassy tube of a delicate green colour, with transvei’sc 
joints. In these the circulation can be viewed without any 
preparation, but in the Chara vulgaris the stem will often 
rcc^uirc to be freed from its carbonate of lime before any trace 
of it will be visible. A portion of the stem of Nitella Jlcxilh 
is shown of its natural size by fig. 245 ; when this is compared 
with the Chara vulgaris the difference is manifest, as the joints 
arc not only more delicate, but there is no outer coating of 
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small tubes, and the incrustation of carbonate of lime is a 
rare occurrence. A portion of the upper part of one of the 
stems highly magnified is represented by fig. 246 ; In this tiui 



arrows denote the direction of the movement, and the letters 
a a tlic colourless division of the joints which sc[)arate the 
ascending and descending currents ; the circulation may even 
bo witnessed in the whorl of young leaves at the top, j?, and in 
all the other parts indicated by the arrows. 

Method of Vlewlmj the Circulation. — If the Chara or Xitella 
be in abundance, a new piece may be selected each time for 
examination, but if it bo scarce, and especially if it be wished 
to watch its development, then the i)lan adopted by Mr.Varley 
will be found necessary. For this purpose some cylindrical 
wide-moiitlied phials will be required ; into each one a small 
branch of the plant must be put, then a thin slip of glass is to 
be laid over it, and kept in place by two wedges of cork, in 
the manner shown in fig. 247 ; water may now be added to 
fill up the phial, and the i)Iant is then ready to be examined, 
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In order to do this, the phial holder previously described at 
page 143 will be necessary; into the tube, 
as tliere shown, the phial, previously well 
corked, must be placed with the plant oppo- 
site the hole, the holder is now to be fixed 
to the stage of the microscope, ariB the light 
reflected through the bottom tube, when the 
Chara may be viewed in the same manner as 
any other object. In order to get any part 
in particular into the field of view, the phial 
may be either turned round or slid in and 
out, the spring in the dark chamber will 
always keep it firmly pressed against the 
upper part of the tube through which it is 
passed. This mode of treating the Chara 
has many advantages, not only is it always ready at hand, 
but the growth of any particular part can be watched from 
day to day, as the small specimens will frcciuently keep alive 
for many months when not exposed to too much light, and 
the water changed occasionally. JVfr. \^irlcy has contrived a 
microscope for the express purpose of holding the phial ; this 
instrument is fully described in the fiftieth volume of the 
Transactions of the Society of Arts, and will be found exceed- 
ingly useful to those about to investigate this very interesting 
subject. 

Soon after the circulation in the Chara and the Nitella had 
become generally known, the attention of microscopists was 
directed to discover the sam^ phenomenon in other plants ; 
amongst the first that yielded to a careful scrutiny was the 
1 hjdrocharis morsus ranee, or Froyd)it, an aquatic plant very 
common in ditches and streams. Mr. Slack has given an 
excellent account of it in the forty-ninth volume of the Trans- 
actions of the Society of A rts, from which figs. 248 and 249 arc 
taken. Fig. 248, a, represents a portion of the plant of tlic 
natimil size ; surrounding the leaf-buds, h, are very transpa- 
rent scales, as seen at c, in these the circulation may be 
observed by placing them upon a glass slide with water, and 
laying a thin glass cover over them ; when viewed with a 
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magnifying power from one hundred to two hundred diameters, 
an appearance such avS that shown in fig. 249 will present 




itself; a few flattened cells of the cuticle, d ef, will then be 
seen with a spiral vessel, a by beneath them. I * each cell 
may be observed a motion of oblong green globules creeping 
round and round in the direction of the arrows; in some cells 
a lai’ge transparent globule or nucleus is seen, as at f ; this 
also will sometimes be found circulating with the smaller 
globules. The circulation may also be noticed in sections of the 
stems of the same plant ; after the section has been made, the 
circulation is deadened or stopped for a time, but on being 
allowed to remain quiet for a short time in the water, it will 
recover its former velocity. 

Tradescantia vhgmica — Spiderwort — The circulation in the 
jointed hair of the filament oT the anther of this plant was 
first discovered by Dr. llobcrt Brown, in 1828, and has since 
that time been seen and described by other botanists, .and 
amongst them Mr. Slack, from whose paper the m.agnified 
drawing of the hair represented by fig. 250 has been taken. 
It is composed of three delicate elongated cells, as shown at 
b c dy which rest upon a broader and shorter cell, «, having, in 
the present case, a few flattened cells of the cuticle of the 
calyx attached to it. In all the elongated cells, ah c, except 
dy the cii’culation can be easily seen with a power from two 
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hundred to four hundred diameters, but in d it can only now 
and then be shown. Each cell has its large nucleus and its 
accompanying small globules, as in the other plants, some- 
times even many currents are seen in the same cell. 

Throughout the plant,” says Mr. Slack, ^^the circulation 
may be shown, in the petal even when entire, find in all 
sections made of the stem and leaves.” 

Fentstemon, — Mr. Slack has also described the circulation in 
a species of Pentstemon in the hairs taken from the throat of 
the corolla. One of these is shown by fig. 251 ; when highly 




magnified, it is one continuous cell projecting from the cuticle. 
In this hair the currents move in various directions, as shown 
by the arrows — some i)ass to the top, whilst others do not 
extend half way before they return, and very often two 
currents unite to form one. Mr. Slack states that he never 
observed a nucleus in any of these hairs. 

GroumUeh — The circulation in the delicate hairs found 
upon the leaf stalks of the common groundsel, Senecio vulgaris^ 
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was first discovered by Mr. Holland with his triplet micro- 
scope in 1832. The movement of the globules is the same, 
but much more delicate than in the Tradescantia, the nucleus 
also being present; a magnifying power of four hundred 
diameters, at least, should be employed to examine this delicate 
object ; if? may be seen dry or in water between glasses. 

Vallisneria spiralis , — This plant is a native of various parts 
of the world, but in the south of Europe, the East Indies, and 
America, it appears to grow most abundantly. The name 
spiralis was given to it by Linnajus, but in order to distin- 
guish it from an Italian plant of the same genus, it has been 
termed by Sprengel V, Jacquiniana, Its natural liabitat is 
the still portions of rivers and lakes, and for the bcautitul 
contrivance, displayed in the mechanism for kec[)ing its 
flowers above the water, it has been the theme of the poet’s 
song. When growing, its appearance is not at all inviting, as 
it very much resembles so much grass in the water, the long 
thin leaves being secured to the mud by numerous white hair- 
like roots. lJut to compensate for its uninteresting appearance, 
the phenomenon of the circulation disclosed by the microscope 
IS, without doubt, the grandest that has as yet been seen in the 
Avliole vegetable kingdom. If one of the leaves be laid on a 
glass slide, and a sharp knife passed along it with its back 
slightly dfevated, so that its edge may come in contact with 
the leaf, a thin slice may be cut off; this, when placed under 
a power of two hundred diameters, will cxliibit^a number of 
oblong cells, more or less full of green granules, which, 
generally speaking, will be found to be in continued circulation 
nnmd the walls of each cell. If the section should chiefly 
consist of the outer part or cuticle of the leaf, the cells will be 
small, and the green globules, termed chlorophyllcy in the 
greatest abundance, but rarely circulating; it the section 
should extend through the middle of the plant, numerous elon- 
gated colourless cells will then be seen with green particles 
only present on the margins, and these in active circulation, 
and accompanying them a large, more or less transparent, 
nucleus ; the movement of the granules is more plainly seen 
than in the Chara and Nitella, on account of the transparency 
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of the cells, and also by reason of the great contrast between 
the colour of the cell wall and that of the granules. The 
circulation also will be frequently found to vary in its direction 
in two cells lying side by side, which is another material point in 
which it differs from all the tribe either of Chara or Nitella. 

Best Method of Viewing the Circulation. — For this purpose, 
in the summer months, when the plant is in its most vigorous 
state, any one of the leaves may be tiiken, and after having 
been cut in the manner previously described, laid upon a 
slide with water, and covered with a piece of thin glass, or 
placed in an animalcule cage, the chances arc that it will 
exhibit the circulation; if not, a littlfe heat applied to it, either 
by adding some warm water, or by placing the slide for a few 
seconds over an argand lamp, will often start it off. In the 
winter, the leaves that are turned a little yellow, or even those 
which appear dead, will often show it the best ; these should 
be cut some little tiine before they arc wanted, and jdaced 
in warm water immediately, or what has often succeeded 
with the author is to place them in a small bottle with water, 
and carry this in one of the pockets of the dress in which there 
is the greatest amount of heat. Whenever tlie leaf has been 
cut, the circulation will be deadened for a time; but heat 
applied in one of the ways above directed, will generally be 
the means of restoring it to its former state of activity. 

Method of Cultloating Chara, ValUsneria, §'c*. — JMr. Varley, 
who has had jgreat experience in these matters, addressed, in 
1840, a letter to the editor of the Microscopical Journal on 
tlic subject, and, as no better description than this can be 
given, the author has thought proper to transcribe it nearly 
verbatim : — 

‘‘In cultivating these plants,” says Mr. Varley, “ it is only 
recpiisite to take notice of the circumstances under which 
Chara naturally thrives, and to imitate them as nearly as 
practicable. 

“Firstly. The Chara tribe is most abundant in still waters 
or ponds that never become quite dry; if found in running 
water, it is mostly met with out of the current, in holes or 
side ba^^^s, where the stream has little eflect, and never on any 
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prominence exposed to the current. If the Chara could boar 
a current, its fruit would mostly be carried on and be deposited 
in holes; but it sends out from its various joints very fine long 
roots into the water, and these would by agitation be destroyed, 
and then the plant decays; for although it may grow long 
before roots are formed, yet, when they are produced, their 
destruction involves the death of the plant. In order, there- 
fore, to preserve Chara, every care must be taken to imitate 
the stillness of the water, by never shaking or suddenly turn- 
ing the vessel. It is also important that the Chara should be 
disturbed as little as possible, and, if requisite, it must be done 
in the most gentle manner, as, for instance, in cutting off a 
specimen, or causing it to descend in order to keep the summit 
of the plant below the surface of the water. 

Secondly. Imitate the freshness of the water, by having 
an extent of surface, which it is requisite to skim frequently, 
or suffer it to overflow by the addition of more water. These 
precautions being attended to, a clear bright surface is kept. 
It is also desirable to change a small portion of the water, but 
this should be done without agitation. The best vessels for 
cultivating this plant in, are cither wide pans, holding three 
or four gallons, or glass jars a foot or more high ; into these 
tlie Chara may be placed, either with clean water alone, or a 
little earth may be sprinkled over it, so as to keep it at the 
bottom, or the bottom may be covered one inch with closely 
pressed mould, in order that the water may be put in without 
disturbing it; on this lay the Chara, with a little earth over 
the lower ends, to fix it. Causing the water to overflow is 
the readiest way to skim the surface, though dipping out gently 
will do ; but in all cases of pouring in water, hold something, 
such as a saucer or flat piece of wood, to receive the pouring, 
and make it spread instead of allowing it to descend at once on 
the surface. Pans in the open air, nearly full of water, will 
be kept in order by the wind and rain, only taking care to 
supply the deficiency (the effect of evaporation), and to change 
some of the water, if it be considered necessary. The vessels 
kept in-doors have a film which is always forming on the water, 
and which requires to be frequently removed. 
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“ Thirdly. Imitate the equal temperature of its native 
holes, by sinking the pan a littlo within tlie earth, but, during 
frosty weather, keep the pan in-doors, and at^the lower part of 
the house, as this situation is generally the most uniform in its 
temperature. 

The Chara will live in any temperature above freezing, 
and grows quicker as the warmth increases, but above the 
earth, as outside of a first-floor window, it will not bear the 
daily difference between the mid-day sun and the cold of sun- 
rising. 

“ The glass jars I keep within the house, as nearly uniform 
in warmth as convenient. 

Similar care is requisite for Vallisneria, but the warmest 
and most equal temperature is better suited to this plant. It 
should be planted in the middle of the jar, in about two inches 
deep of mould, whicli lias been closely pressed ; over this, 
place two or three handsful of leaves, then gently fill the jar 
with water. When the water requires to be changed, a small 
portion is sufficient to change at a time. It appears to thrive 
in proportion to the frequency of the changing of the water, 
taking care that the water added rather increases the tempe- 
rature than lowers it. 

^^Thc natural habitat of the Frog-bit is on the surface of 
ponds and ditches ; in the autumn its seeds fall, and become 
buried in the mud at the bottom during tlic winter; in the 
spring tliese^ plants rise to the surface, produce flowers, and 
grow to their full size during summer. In order to keep 
them for microscopic purposes, large pans, with earth at the 
bottom, will preserve them through the winter, and if left 
out of doors during the cold months, the pans should be sunk 
into the ground to preserve the buds from tlie extreme cold.” 

The author has found the following a very convenient way 
of changing the water in the Chara and Vallisneria jars, viz., 
to place the jar occasionally under the tap of a water tank, and 
allow a very gentle stream to flow into it for several hours ; 
by this means, all the impure Water and conferva growing 
on the sides of the vessel may be got rid of. 

HahUat , — In the neiglibourhood of London, the Chara 
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vulgaris may be found abundantly in the Isle of Dogs, in 
ditches near the bank of the Thames, also in some of the 
ponds on the Hippodrome, at Notting-hilL The Nitella grows 
in ponds at Totteridge and Hendon, whilst the Hydrocharis 
occurs in almost every ditch, and may be known by its flat 
leaf, somewhat like that of a large species of duckweed, floating 
on the surface of the water. The Tradescantia and Pentstemou, 
as well as the groundsel, arc common in flower gardens, but 
the ValUsneria is principally cultivated by the microscopist ; 
small roots of this plant may, however, be obtained of Mr. 
Topping, and of some nurserymen. 


CHAPTER XVII. 

METHODS OP PROCURING INFUSORY AND OTHER 
ANIMALCULES. 

The term Infusoria was given by the older microscopists to 
beings which, previous to their discovery by magnifying 
powers, had been concealed from observation by the minute- 
ness of their size. They were first detected in water coiitain- 
ing vegetable matter, such as hay and grass in a state of 
decomposition ; it was then supposed that they were peculiar 
to infusions of a certain kind, hence their name. The cele- 
brated Ehrcnbcig, who has devoted himself so entirely to 
their structure and classification, has divided them into two 
orders, PolyyaMria and Rotifera ; the first being named from 
their having many stomachs, and the last from their being 
provided with vibratile organs resembling wheels. Amongst 
the most remarkable of the Polygastria may be included 
the following genera, viz., Monas, Goniura, Volvox, Vibrio, 
Navicula, Stentor, and Vorticclla; whilst amongst the latter 
inay be named the FloscuRiria, Stephanoceros, Brachionus, 
and Rotifer. 

localities , — The ordinary forms of Infusoria are to be met 
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with in all kinds of stagnant and putrid water, whilst the more 
highly organized are only to be found in clear ponds and in 
streams where they attach themselves to the stems and under 
sides of the leaves of aquatic plants, or even to small pieces 
of wood or other vegetable matters that are either floating or 
kept beneath the surface of the water. Some kinds are 
found near the surface, others in the mud at the bottom, all of 
which localities should be carefully searched. 

Apparatus . — For the purpose of collecting these interesting 
creatures, the following simple apparatus will be required, 
viz., some clear wide-mouthed phials or tubes capable of being 
well corked, a walking-stick or jointed rod, provided with a 
ring at the end for holding the phials, a small aquatic net of 
muslin strained upon a hoop of wire, and a pocket magnifier. 
Fig. 2o2 represents the various instruments that will be found 

necessary ; at a two joints of a fisli- 
ing-rod of cane arc shown, the top 
joint, for convenience of package, 
being made to slide within the lower 
one ; to the upper end, is screwed 
a steel ring of the 8ha[»c represented 
by for the purpose of holding the 
phial as seen at c; into tlic same 
handle may be fitted the hoop, d, 
having a bag of fine muslin attached 
to it ; this may be of the shape there 
shown, or brought to a fine point. 
In the absence of this apparatus, a 
stick, as exhibited at e, having a split 
at one end, may be employed ; into 
this the neck of the phial, is to be 
placed and kept firmly fixed by wind- 
ing a string round it, as shown at 
Mr. George Shadbolt, who has paid 
some considerable attention to these 
matter^, has lately recommended to 
the author the following plan of 
Fig. 252. securing the phial to the stick, which 
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Fiff. 253. 


will be found worthy of a trial. A, fig. 253, is a piece of 

brass about thrce-clgliths-of- 
an-inch square, with two pro- 
jecting pieces, a through 
one of which a screw' with a 
flat head works. One end 
of the brass piece, c, is cylin- 
drical, about half-an-inch in 
diameter, with a female screw, 
dy into which a male screws 
on the stick is made to w'ork. 
In one side of the brass. A, two screw-holcs, e c, arc made, 
in order to attach permanently to it by screws the spring, 11, 
having two holes, / /, in it for the purpose. The jdiial being 
placed in the loop, //, and the sjmng drawn close by imlUng 
tlie end, A, betw'ccn the cheeks, a the flat-headed screw is 
turned, and the pliial firmly held. 

The spring may be made of steel, or of moderately thin 
whalebone, which can be used in preference, as it will not 
spoil by being wetted, and for the same reason the other part 
may be made of brass. 

Since, liow'evcr, Mr. Shadbolt obligingly furnished tlie 
author with the above descri])tion, he has much simplified 
the arrangement; tlie handle cnijdoyed consists of tivo 
joints of a fishing-rod, as shown at a, fig. 252 ; but, 
instead of the upper ferrule being provided wlth*a screw^ to 
receive the ring, 5, a piece of brass, having an oblong scpiarc 
liole, o, cut in it, is fastened into the fernile, as shown in 
fig. 254, A C ; through tliis the ends of a strip of whalebone 

arc passed, and, according to the 
length inserted, the loop, r, may 
be made larger or smaller to re- 
ceive the neck of any kind of 
pliial, the screw, 11, serving to 
kegp the whalebone firm, so that 
the w'eight of water in the phi:d 
may not draw' the ends out of the 
For convenience of packag the whalebone is with- 
25 



brji 


rass. 
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drawn from the ferrule, and, when made straight, is slid 
within the hollow top-joint, and this last placed within the 
larger joint; the whole may then be used as a walking-stick, 
the screw, B, having first been properly secured 
in the lower end of the large joint. 

Mr. Spencer, of Blackheath, has communi- 
cated to the author a plan which he adopts 
for securing the bottle to the end of a rod 
or walking-stick. He takes a piece of gutta 
percha tubing, about five or six inches in 
length, and cuts it in such a manner, both 
vertically and horizontally, as to leave one 
portion of the tube, about an inch in length, 
untouched, the cut end, as shown in fig. 255, 
being passed through the tubular part so as to 
form a loop. This loop is placed round the 
neck of the bottle and drawn tight ; the end 
of the walking-stick is then passed into the 
tube, and should be of sufficient size to fill it 
up and keep the end of the loop secure. This 
little instrument is most convenient; it does 
Fig. 255 . become soft by the action of water, 

and its cost is very trifling. 




Figs. 256 and 257 


Mr. John Williams has recom- 
mended an exceedingly simple modi- 
fication of the above described appa- 
ratus for collecting Infusoria. It 
consists merely of a strip of thin 
whalebone, a quarter of an inch wide 
and about eighteen inches long, and 
three brass curtain rings ; the manner 
in which these arc applied will be 
easily understood by referring to 
figs. 256 and 257, the one repre- 
senting the application to a walk- 
ing-stick, the other to an umbrella. 
The loops dy and /t, are for the re- 
ception of the neck of the phial. 
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A tin box, /t, fig. 252, containing six or twelve short glass 
tubes, provided either with plain corks, or with corks through 
which a piece of glass tube or quill has been passed in the 
manner shown at z, will be found very convenient for all the 
smaller kinds of infusoria. 

Tlie fishing tubes liave already been described at page 133 ; 
these will be useful for separating the large voracious animals 
from the more delicate ones. 

The pocket magnifier may be of either of the forms shown 
by figs. 23 and 24, or the Coddington lens, represented by 
fig. 26, when the infusoria are very iniiiulc. Dr. Arthur Farre 
has lately shown the author a convenient form of lens, which 
he finds very useful for most of the marine Poly])es; this 
consists of two double-convex lenses of difierent focal Icngtlis, 
placed in a setting with an ebony stop between them, some- 
what in shape like an hour-glass. This lens performs like a 
doublet or Coddington, and, although of long focu , magnifies 
considerably. 

Method of Ohtinning Infusoria . — In order to be sneccssful 
in the capture of these minute creatures, a knowledge of their 
habits must be first acquired, and upon this matter, as well 
as upon the method of cultivating Chara, Vallisneria, &c., 
the author is indebted to Mr. Varlcy for many valuable 
iiistmctions. 

The tendency of all infusoria,” says ISIr. Varlcy, in a letter 
to the author, is towards the light, and also to thfi surface ; a 
filmy surface will Imld many. On arriving at a pond, it will 
be noticed that the ‘ off side,’ or that towards whicli the wind 
is blowing, will be coated with scum, whilst the ^ near side’ will 
be bright ; these sides wdll differ materially in tlic quantity of 
animalcules they may contain, the bright side being often 
without any ; if the wind bloivs towards the sunny side, that 
side will be especially prolific. Shallow parts being warmer 
than deep, will also yield a more abundant supply.” 

The rod with the phial attached, as showui in fig. 252, is 
to be carried into the water in such a manner that the phial 
may be kept in an inverted position, and when arrived at the 
proper depth the rod is to be turn-Kl, and the mouth of the 
25 ^" 
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phial will then he in the position to receive the water, which 
will run in rapidly and carry both animalcules and weeds 
with it. The contents of* the phial may be either viewed 
with a pocket lens, or poured into another phial and then 
examined ; if any animalcules be present, and worth keeping, 
they may be corked up for further inspection. Dips should 
be made both among conferva) and duck-weed, and portions of 
the weed allowed to enter the phial ; a dip also among rushes 
is frequently very rich ; the phial should be shaken about as 
it is being turned up to receive the water. If the phial be a 
very wide-mouthed one, a sudden dip amongst large weeds 
will afibrd very many species; these, after examination, may 
be i)laced in smaller ])hials, and corked up for further inspec- 
tion at home, if any larvic or other voracious kinds are 
[)rcscnt, they should be removed with one of the fishing-tubes, 
otherwise they will destroy nearly all that come in their way 
before the collector reaches home. For all the larger speeimens, 
such as the Monoculus and Cyclops, the net shown at d in 
fig. 252 will be reciulrcd; if this be dipped very suddenly 
under weeds and be as suddenly lil*ted up, they will bo caught; 
by holding the bottom of the net in the water, and the ring 
out, all weeds that arc in the way may be removed, and the 
produce then poured into a phial with a small quantity of 
Avater, and tlic voracious ones taken out by the fishing-tubes 
in the maimer before described. If the Water-fieas and 
Da ph like be very abundant, they may be got rid of in the 
f'ollowing manner ; — As soon as they are placed in the phial 
they go very quickly to the bottom ; if, therefore, the upper 
ivater be poured into another phial, the bottom containing 
them may be thrown away; if, also, the phial be shaken 
about in the water before it be turned over to be filled, they 
will generally have darted away. Small newts, and many 
larva;, should be taken great (iare of, the former especially, 
as, when young, their branchia) are present; in these and 
in their feet the circulation of the blood is most beautifully 
seen ; they will also be found of essential service for eating up 
the Daphnito, Moiioculi, and the various larva) that destroy 
the different kinds of vorticelke. The inverted phial should 
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be carried to the bottom of shallow ponds^ and, whilst laid 
liorizontally, the surface of the mud should be scraped ; the 
phial, when quite full, may be corked to prevent shaking; at 
home the mud may be put into a large jar, and fdled up with 
water, in a day or two the animalcules will have come to the 
surfiice of the subsided mud, from which they may be taken 
away quite clean by means of a fisbirig-tube. Wlum water 
has quite left a pond, a box or phial full of the surfac.c mud 
should be taken home and treated in the same way as tlie 
more Jujuid kind above dcscTibcd. In order to pi’cserve the 
infusoria and other large animalcules at home, the conditions 
under which they have been found should, in all eases, be 
(Joscly imitated. Such plants as will live in water without 
much mould and not speedily decay sliould be selected, tliese 
will all tend to keep the water healthy for the animalcules, tind 
also serve as food for them ; the plan adopted for preserving 
the plants should be the same as that already alluded to in 
page 380, the larvie of the Ephemera and small snails being 
employed to tree them froni confervas, which will be found to 
interlere with the growth of most aquatic plants.” 

Method of Obtainhig and of Keepinf/ Ilt/drns , — One of the 
most extraordinary aqiiati(5 animals that the mieroscopist is 
likely to procure in his searchings in pools and ditches, is that 
known as the Hydra, or fresh-water Polype; it a 2 )])oars to 
have been first noticed by Ticcuwenhock, in 1703, but it was 
reserved for the inquiring genius of iVI. Trembley, then 
residing at the Hague, in 1739, to discover its wondcriul 
powers of reproduction. In England there are as many as 
four or five varieties, one of them is of a delicate green 
colour, whilst the others are more or less yellow or brown ; 
each, when in an expanded state, consists uf a long semi- 
transparent tubular body, from one end of ^vhich protrude 
several long delicate arms or tcntacula, varying in number 
in the dilFcrent s])ccies, six or twedve geiuirally being the two 
extremes. Within these arms is a monili ca[)able of being 
dilated, so as to receive animals nearly as large in size 
as the Polype itself. In the contracted state, the animal 
appears like a small round ball, the arms being drawn in sn 
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fur that they only resemble small papilhe. M. Trembley 
thought they were very analogous to vegetables, and, to satisfy 
himself upon this point, he cut several of them in pieces, 
when, to his great astonishment, he found that each cut portion 
became a perfect animal. Some of these Polypes having been 
sent to Kngland, the experiments of M. Trembley were tried 
with entire success by many of the learned, but more especially 
by Mr. Henry Baker, who published a book on the subject 
in 1743, which will well repay an attentive perusal. The 
Hydrac are generally found in ponds and rivulets, adhering 
either to portions of weed or sticks ; they may be readily seen 
by the naked eye when placed In a clear glass jar. In order 
to take them home safely, they should be put into clean phials, 
with a small portion of some aquatic plant, and the phial filled 
with water ; it should be carefully corked, both to prevent 
the water from being spilt and the Hydrae from being injured. 
At home they should be kept in tolerably large glass jars, in 
clear river water, with a small plant growing in it ; being very 
voracious, they will re(|uirc to be oi’ten fed, the best animals 
to give them arc the small red-blooded worms (Naiides) that 
arc so common on the banks of the Thames, to the mud of 
which they impart a red colour, these should be well washed 
in clean water before the Polypes arc fed with them, and 
the Polypes themselves placed in pure water after every 
meal; the common water-fleas, in the absence of Naiides, 
will also serve them as wholesome food. The mode of gene- 
ration of l^olypes is by ffemmation or budding, and takes j)lacc 
very rapidly, as many as four or five young ones in a week 
having been known to be produced ; as soon as a young one 
is provided Avith arms, it will devour the worms Avith as much 
eagerness as the older ones. When placed in great numbers 
in one phial, they do not thrive so avcU as Avhen they are in 
small quantities, hence they should be occasionally moved 
from one jar to another ; this may be readily managed by tlic 
end of a quill, or a fine camel’s-hair pencil. They arc best 
examined cither in one of the troughs shown by figs. 93-4, or 
in a large animalcule cage, and can be easily divided by a pair 
of sharp-pointed scissors, like those exhibited at B in fig. 227 . 
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Those who would wish to know the results of the various 
operations, should consult the excellent works of M. Tremblcy 
and Mr. Baker, which will give them full particulars.* 

' Desmidiem . — Another most interesting class of objects for 
the microscope, but now generally considered as belonging to 
the vegetable kingdom, arc the Dcsmidica?, a tribe of lowly 
organized plants, remarkable for the elegance of their form 
and for being found exclusively in fresh water. They have 
lately been classified and arranged by Mr. Kalfs in an admi- 
rable work on the subject, which should be in the possession of 
every microscopist. As the mode of collecting them differs 
somewhat from that of the Infusoria, the author has thought 
proper to borrow Mr. Jlalfs’ description : — 

As the Dcsmidica) are unattached and very minute, they 
are rarely gathered in streams; nevertheless, interesting 
species may occasionally be obtained where the current is so 
sluggish as to permit the thin retaining mucus to elude its 
force. In small shallow pools, that do not dry up in summer, 
they are most abundant; hence pools in boggy places are 
generally productive. Tlic Desmidicie prefer an open country. 
They abound on moors and in exposed places, but are rarely 
found in shady woods or in deep ditches. To search for them 
in turbid waters is useless ; such situations arc the haunts of 
animals, not the habitats of the Desmidieic, and the waters in 
which the latter arc present are always clear to the very 
bottom. In the water, tlie filamentous species^ resemble the 
Zygnemata, but their green colour is generally paler and 
more opaque. They often occur in considerable quantity, 
and, notwithstanding their fragility, can generally be removed 
by the hand in the usual manner, AVheii they are much 
diffused in the water, I take a piece of linen, about the size 
of a pocket-handkerchief, lay it on the ground in the form 
of a bag, and then, by the aid of a tin box, scoop up the water 
and strain it through the bag, repeating tlie process as often 

* Memmres pour servira rifisioire tPun Genre dc Polypes (T Eau donee * 
Par A. Tremblcy, de la Societe Royiilc. A Leidc, 1784. — An Atfempt 
towards the Natural History of the Polype. By Henry Baker, F.R.S. 
London, 1743. 
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aa may be required. Tlie larger species ot* Euastrum, Micras- 
tcrias, Closteriurn, &c., are generally situated at the bottom 
of the pool, either spread out as a thin gelatinous stratum, or 
collected into finger-like tufts. If the finger be gently passed 
beneath them, they will rise to the surface in little masses, 
and with care may be removed and strained through the linen, 
leaving only a mere stain or a little dirt; but by repeated 
fillings up and strainings a considerable quantity will be 
obtained. If not very gelatinous, the water passes freely 
through the linen, from which the specimen can be scraped 
with a knife and transferred to a smaller piece ; but in many 
species the fiuid at length docs not admit of being strained off 
without the employment of such force as would cause the 
fronds also to pass through, and in this case it should be 
|)oured into bottles until they are quite full. But many 
species of Staurastruin, Pcdiastruin, &c., usually form a 
greenish or dirty cloud upon the stems and leaves of the 
filiform aquatic plants, and to collect them requires more care 
than is necessary in the former instances. In this state, the 
slightest touch will break up the whole mass and disperse it 
through the water. I would recommend the following method 
as the best adapted for securing them: — Let the hand be 
passed very gently into the Avatcr and beneath the cloud, the 
palm upwards and the fingers apart, so that the leaves or stem 
of the invested plant may He between them and as near the 
palm as possible ; then close the fingers, and, keeping the hand 
in the same position, but concave, draw it cautiously towards 
the surface, when, if the plant has been allowed to slip easily 
and with an equable movement through the fingers, the 
Desmidieas, in this way brushed off^ will be found lying in the 
palm. The greatest difficulty is in withdrawing the hand 
from the surface of the water, and probably but little will be 
retained at first; practice, however, will soon render the 
o})cration easy and successful. The contents of the hand 
should be transferred at once cither to a bottle, or, in case 
much water has been taken up, into the box, which must be 
close at laind, and when this is full it can be emptied on the 
linen as before. But in this case the linen should be pressed 
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gently and a portion only of the water expelled, the remaindi r 
being poured into the bottle, and the process repeated as often 
{IS necessary. Sporangia arc collected more frequently by the 
last than the preceding methods. When carried home, the 
bottles will ap])arently contain only foul water; but if it 
remain undisturbed for a few hours, the Desinidicaj will sink 
to the bottom, and most of the water may then be poured off*, 
[f a little fresh water be added occasionally to replace what 
has been drawn off, and the bottle be exposed to the light of 
the sun, the Desmidieie will remain unaltered for a long time. 

I have now before me some specimens of Enaslrum 

the fronds of which arc in as good condition as when 1 giitlicred 

them at Dolgclly five months ago.” 

Localities for Infusoria . — All the smaller kinds are found in 
vegetable infusions, or in fluids where either vegetable or 
animal matter is decomposing, but the larger lire only 
to be met with in clear pools tind streams, where they are 
either found swimming about, or else eongrcgfited around, or 
{ittached to the under surflxees of tlie leaves or to the stems 
of aquatic plants. The ordinary ditches and ponds in the 
neighbourhood of the metropolis will yield the more common 
forms, but there arc certain localities in which some of the 
more highly organized can only be collected. A pond near 
“ .Jack Straw’s Castle,” on Hampstead Heath, is very famous 
for the Volvox globator, the Arborescent Vorticella, and for 
many species of Rotifer. According to Dr. Miyitell,* in a 
lake behind Grove Houses on Chqiham ('ommon, in whie.h the 
white water-lily grows, the splendid Stephanoceros, or crowned 
animalcule, was found by Mr. Hamlin Lee; it has since been 
met with in other ponds, but most abundantly in that called 
the Black Sra^ on Wandsworth (k)mnu)n, near the railwiiy 
station. A small pond in the garden of Mr. B. Edwards, in 
Shoreditch, has been long noted {is having supplied micro- 
scopists, at one time or other, with almost every variety of 
the more highly organized Infusoria. 

The Alcyonclla, and scvcriil species of fresh water sponge, 

* Thoughts on Animalculos, bv (1. A. Mantclh Es(|., LL.D., London, 
1 S4f), page ()*‘L 
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arc to be met with in the Commercial Docks. The Stentor 
caeruleus has been found abundantly by the author in ditches 
which communicate with a small stream in the Isle of Dogs, 
close to the timber dock that opens into the West India 
South Dock. The Daphnias arc very abundant in the sum- 
mer months in the dock waters, to the surface of which, in 
the evening, they communicate a red colour, known to the 
common people as sjjawn. The Branchipus stagnalis, a highly 
interesting crustacean, is found in small pools of soft water on 
Blackheath : care must be taken in managing it, as it rarely 
lives more than a day or two. In the mud of many ponds 
may be obtained very interesting forms of Navicula and 
Diatomea ; in the mud of the Thames, at various localities, 
such as Lambeth, W oolwich. Tilbury, and (ireenhithe, have 
been discovered Xanthidia, and a very beautiful genus termed 
Triceratiuin. In tlie nuid of the Humber, near Hull, have 
been found two beautiful species of Navicula, termed hippo- 
campus and angulata, the former being an excellent test of 
a quarter-of-an-inch object glass, the latter of an eighth or 
twclftli ; both these will be shown highly magnified witli the 
other test objects at the end of this work. In the white pearly 
matter often seen in peat bogs, and in the neighbourhood of 
swampy pools, will be found an abundance of loricoe or sliells 
of Infusoria ; the most favourite localities being the bogs of 
Ireland; Scotland, and Yorkshire. The sea sliorc and marine 
plants yield a variety of beautiful forms; the guano, from 
different parts of tlie world (as will be again noticed), the 
stomachs of oysters, scallops, and other Mollusca, all abound 
in some of the most elegant species of a genus named Cos- 
cinodiscus, these being often associated with others in a 
fossilized state. 

The hocaliUj of the Wheel Animalcule. — Microscopists, from 
the time of Baker, liave nearly all stated that tlie wheel 
animalcule is to be found in a reddish kind of slime deposited 
from water tliat has been standing in leaden gutters, or even 
in the dust that remains after all the water has been dried up, 
which, when again moistened, will seldom fail to exhibit them. 
Capt. Ford, after having souglit in vain to procure them from 
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the localities above described, tried several other plans for the 
puqiose ; but the following he recommends as the best :* — 

Early in the spring he fills a three-gallon jug with pure 
rain-water (not butt-water, because it contains the larvae of 
gnats), from this he takes a sufficient quantity, nearly to 
fill a half-pint jug, he then ties up a small portion of hay 
or green sage leaves into a bundle, and places the same 
in the mug; about every ten days he removes all the 
decayed portions with a piece of wire, and substitutes a 
fresh supply ; a little of the deposit scraped from the side 
of the mug near the surface, when placed under the micro- 
scope, will be certain to exhibit tliciii. As the water evapo- 
rates from the mug, the excess of rain-water in the large vcjssel 
will supply the deficiency. The sage leaves were found 
to produce the largest nutnbers. The same mug,” Capt. Ford 
also states, for the seven years preceding the date of Jiis note 
(in 1841 ), had never failed to yield an abundanc e.” If the 
animalcules be kept in glass bottles, they should not be 
exposed to a direct light ; in a room they may be placed in a 
dark corner, or upon a table between two windows, so long as 
the light that is allowed to fall on them is diffused ; they will 
then thrive very rapidly. 

Method of Feedimj Infusoria irith Carmine , — In order to 
display the currents made by the cilia of these minute animals, 
as well as to exhibit the form of the digestive system, a certain 
amount of colouring matter iiiti'oduced into thft water con- 
taining them will render both more evident. This plan was 
first employed by M. Trcmblcy, without any important 
result, but Ehrenberg followed it up more carefully, and was 
led to the discovery of the interaal structure of those infusoria 
which he subsequently termed Polygastria. 

The method of proceeding is to rub some pure sap-green, 
indigo, or carmine upon a palette or a plate of glass, and add 
to this a few drops of water ; if tlie glass be now held on one 
side, a portion of the water oontaining a certain amount of the 
colouring matter may be dropped upon the tablet of an 
animalcule cage, or into the water in which the animalcules 
* ]\Iicrns€opical Journal, v<'l. i., |>. 9(5. 



396 


MANIPULATION. 


jirc contained ; if they be vorticellte or rotifer®, tlie particles of 
colouring matter will show the vibratilc actions of the cilia, 
whilst other particles, when swallowed by the animacules, 
will give a rich tint to the various compartments of their 
alimentary canal. If the animalcule cage be a large one, a 
very small quantity of the carmine may be rubbed upon one 
part of the tablet, and the water containing the animahmlcs 
being placed upon it may be mixed up with the carmine in 
the usual manner. Of the three colours, the sap-green will be 
most easily swallowed by the insects, although the carmine 
shows best in the water, whilst the indigo is not so easily 
managed as the other two. The colours when empIoycMl 
should be of the purest kinds, otherwise the animalcules will 
not easily swallow them, or, if swallowed, the death of the 
creature will speedily result. 

FOSSIL JNFUSOIUA. 

An endless variety of Infusoria are met with in the fossil 
state, the siliceous skeletons of which have become aggregated 
together in such immense masses, that not only are vast 
tracts of country and chains of mountains formed of them, 
but even strata, several yai-ds in thickness, upon which 
cities arc built. Amongst the first discovered of the infusorial 
stra,ta were the polishing slates of Biliii and '^Fripoli, then the 
Berg-mchl or Slountain meal, of which almost the entire mass 
is composed* of the siliceous skeletons of different species of 
^savlcula and Bacillarla. In more modern times, the Ameri- 
can Continent has, tlii'ough the researches of Professor Kogers, 
furnished remarkable examples of infusorid sand-stone ; one 
of these, at Richmond, in Virginia, is many miles in length, 
and, in some places, as much as fifteen feet in thickness. The 
great mass of chalk, as seen in the cliffs and rocks of our coasts, 
is made up principally of minute foraininiferous shells ; the 
Hints also, which are so abundant in the chalk, are now gene- 
rally considcrcid to be composed of animal remains, and in 
them may be found fish scales, bones, spicula of sponges, 
Xanthidia, shells of various kinds, and numerous small 
Zoophytes. 
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One remarkable fact, in connection with fossil Infusoria, is 
that most of the forms may be still found in the recent state. 
The beautiful engine-turned discs (Coscinodisci), so abundant 
in the liichmond earth, may be met with in our own seas, also 
in great profusion in tlie deposits of Guano on the African 
and American coasts, and even in the stomaclis of the oyster, 
scallop, and other molluscous animals so common on all our 
shores. 

Method of Preparhifj Fossil h/fusoria . — A great number oi’ 
the infusorial earths may be mounted up as objects without 
any previous washing or other preparation, by the method 
described at page 309, but some, such as chalk, must be 
rej)catedly waslied to deprive the infusoria of all impurities ; 
whilst others, and these by far the most numerous, require 
cither to be digested for a long time, or even boiled in strong 
nitric or hydrochloric acids for the same purpose. Supposing 
the earth about to be juepared be some of that from liichmond, 
in America, a small portion having been placed in a test 
tube (or other convenient vessel capable of bearing the heat 
of a lamp), enough diluted hydrochloric acid is to be poured 
upon it to fill about half the tube, brisk cftervcscencc will 
now take place, which may be assisted by the application of a 
small amount of heat, cither from a sand-bath or from a lamp ; 
as soon as the action of the acid lias ceased, another supply 
may be added, and the same continued until no further effect 
is produced ; strong nitric acid should now be substituted for 
the hydrochloric, when a further effervescence will take place, 
which also may be greatly aided by heat; after two or three 
fresh supplies of this acid, distilled water should be employed to 
dilute the remains of the acid in the tube, and this rei)catcd 
until the water comes away perfectly clear and without any 
trace of acidity; the residue of the earth, which consists of 
silica, will contain all the infusorial forms, some of this 
may be taken up by a fishing-tube, laid on a slide, and ex- 
amined in the usual way ; should perfect specimens be present, 
they may be mounted in Canada balsam in the manner 
described in page 309 ; if not, the slide may be wiped clean, 
and another portion of the sedimeni taken, and dealt with in 
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the same way. The guano^ from containing a large amount 
of animal matter, requires a mther different mode of 
treatment. Mr. Henry Deane, of Clapham, who has paid 
considerable attention to these matters, has recommended 
the following as the best method of proceeding:* — Take 
any convenient quantity of pure Ichaboe guano, and wash it 
by repeated ablutions of distilled water, until the water is no 
longer coloured, observing, after each addition of water, that 
it must be well stirred two or three times, and then allowed 
to settle for some hours. When sufficiently washed, a small 
quantity of hydrocliloric acid is to be added to the water last 
used : this dissolves some portion of it with effervescence, and 
causes a more perfect subsidence of that portion which it does 
not act upon. After this, allow sufficient time for the deposit 
to become well settled down ; then, the clear liquor being 
poured off as clearly as possible Avithout loss of the sediment, 
a (]uantity of strong nitric acid, in the proportion of about 
two fluid ounces to every ounce by weight of guano employed, 
is to be added. A strong cflervcsccncc takes place, Avhieh is 
to be assisted by setting the mixture in a warm place, at the 
temperature of about 200^, for six hours, tluring which time 
the greater part of the guano is dissolved. After allowing it 
to stand in a cold place for twenty-four hours, pour oft* the 
acid liquor as closely as possible, and wash the sediment with 
an .abundance of distilled water. The finer portions of this 
sediment will contain all the siliceous shells of the guano, 
perfectly freed from extraneous matter.” It should be borne 
in mind, in all these cases, that some time should elapse before 
the acids or the distilled water arc poured oft* from the 
sediment, in order that the solid matters m.ay subside, 
as it has often happened that the most beautiful of the 
infusoria have been thrown away with the water employed to 
wash them. 


Transactions of the Microscopical Society, vol. ii. 



C LASSmCATlON OF VEOETABLE PEErAllATIONS. 399 


CHAPTER XVIIL 

CLASSIFICATION OF THE MOST IMPORTANT MICROSCOPICAL 

OBJECTS. 

For the advantage of those who are resident in the country, 
as well as for those who may he desirous of investigating any 
of the various branches of natural histor}^, whether for amuse- 
ment or otherwise, it has been deemed advisable to divide 
vegetable and animal structures into different classes. Mr. 
Topping, of No. 4, New Winchester Street, Pentonville 
Hill, one of our most ingenious pre])arers of microscopic*, 
objects — Mr. Darker, of No. 9, Paradise Street, Lambeth — 
Mr. J. T. Norman, of No. 10, Fountain Place, City Road — 
Mr, J. W. Bond, of No. 1, Emma Street, Ann’s Place, 
J lackiiey Road — and Mr. C. H. Poulton, of Southern Hill, 
Reading — have obligingly furnished the author with lists of 
the most important specimens of the various classes which 
they are in the habit of supplying to their customers ; from 
these as well as from one which has been derived from 
a variety of other sources, including the author’s own 
experience, the following collection of the most interesting 
subjects for examination has been drawn up. Those who may 
require a more extended list, may consult a work published in 
1847, entitled Microscopic Ohjects^ also A List of Two 
Thousand Microscopic Objects^ by A. Pritchard, London, 
1835. A full description of the vegetable and animal tissues 
is also given in the Ilistological Catalogue, published by the 
Royal College of Surgeons, one volume of which is now 
ready. As the structure of vegetables is more easily made 
out than that of animals, and much less dissection and 
preparation required in the former than in the latter, the 
author has thought it proper to coniinenec the classification 
with a few of the most characteristic objects that can be 
procured from the vegetable kingdom, as illustrations of struc- 
tural botany. 



400 


MANIPULATION. 


VEGETABLE TISSUES. 


Preparations of vegetable tissues arc principally obtained 
either by tearing, by making sections, by -ijpiaccration, or by 
dissection, whilst others can be examined in the natural state. 

Cuticles , — The cuticle of the stem, flower, or leaves, may be 
removed in the manner described at page 353, by taking a 
siiiiill portion between the blade of the knife and the thumb, 
and tearing it away in the direction in which the separation 
is most easily eftected. Cuticles shoulA^e mounted either 
dry or in fluid; when much colouring matter is present, the 
former method, or that in balsam, should be adopted. A few 
of the most illustrative specimens may be obtained from the 
following plants : — 

Agnvo Aiucricium, Gonmiuni, Oiicicliiim, 

Anagallis, Nepenthes, Opuiitia vulgaris, 

Dcutzia, Oleander, Pelargonium. 


Siliceous Cutlchs, — These, obtained Irorn the following stems 
and parts of grasses in the manner before described at l)agc 333, 
by the action of acid, will (exhibit the beautiful arrangement of 
silica so constant in this tribe of plants, which forms so 
splendid an object for polarized light : — 


Equisetuni, 

Wheat-straw, 

Wheat, 

Harley-straw, 

Harley, 

Oat-straw, 


Oat, 

Canary-straw, 

Canary-seed, 

Ivice-husk, 

llye-straw, 

Kyf, 


Malacca-cane, 

IManilJa-cane, 

Dragon-cane, 

Wanghae-craiu?, 

Hamhoo-cane, 

Rattau-cane. 


AVith the above list may be included the following one, 
w hi(*h consists of the hairs from the leaves of certain plants ; 
these, like the cuticles above described, are provided with a 
protecting coat of silica : — 

Deutzia, Durio Ela3agnus, Olive. 


Hairs , — These are found princlimlly upon the under surfaces 
of leaves, upon steins, or upon some part of the flower; the)' 
arc generally viewed as opaque objects; some of the larger 
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kinds may bo detached and then mounted either in fluid or in 
C/anada balsam. The following list will exhibit a few of tlic 
most interesting varieties : — • 

Acaiithodium, ^ Borago officinalis, Durio zebetliiniis, 

Althsna, Dcutzia scabra, Elffiagnus angustifolin, 

Auchusa tinctona, Dolichos prurlcns, Nepenthes, 

— aiigustifolia, Dorstenia, Verbasciim. 


Cellular Tissue . — This tissue enters more largely than any 
other into the comi)osition of vegetable structures; perfect 
cells may be obtahicd very readily from ripe pulpy fruits, 
such as the strawberry, raspberry, and peach; from other 
plants they may be procured by maceration, or the shape of 
the individual cells may be shown by vertical and horizontal 
sections. The following list will embrace some of the most 
interesting varieties ; — 


I'ulj) of* Orange, 

Peach, 

Raspbdiny, 

Sti'awberry, 

Sections of Pith of Elder, 
Filix mas. 


Sections of Lilium caiididum (leaf), 

Nuphar Intea, 

Pine, 

Ki(?(i-papcr plant, 

Hush, 

Sparganium raniosum. 


Fihro-eellular Tissue . — This very elegant tissue, consisting 
of‘ a cell, in the interior of which a spiral fibre is coiled up, is 
found readily in every species of moss of the genus Sphag- 
num. In some of the orchidaceous plants, the^ leaves arc 
almost entirely made up of it, from these the cells may be 
obtained either by maceration or by section ; the best examples 
are afforded by the following plants : — 


Oncidiiun Bonplandianum, 

Carthaginensc, 

divaricatinn, 

piiiiiilnm, 


ricurf)lhallis angustii’ulia, 

riiscifolia, 

Saccoliibriiim guttatnin, 
Spliagniiin. 


A modification of this form of tissue is found in the testa 
of some seeds; a portion of it from the following, when 
wetted, will exhibit both the cell and the fibre in a very beau- 
tiful manner: — 


Salvia, Colloinia grandi folia, Golloiniu linoari«, Acaiil liodiuiii. 
26 
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In the Elatcrs of Jungermannke a similar kind of tissue may 
also be seen. 

Contents of Cells. — The'fee consist princii^ally of colouring 
matter, starch, rapliides, liquid and concrete oils, &c., &c. 

Colouring Matter. — Examples occur in the following plants : 

Cuticle of }3alHaiii, Cuticli* of llhubarb, 

Pelargonium, Salvia. 

Starch. — The granules of starch arc obtained from a variety 
of plants by rc})cated washing in cold water ; many kinds are 
sold, but those from wheat, rice, arrow~root, potato, and tons 
les mois (Caima), are amongst the most (iornmon; the speci- 
mens should be mounted dry, in a very thin gkivss cell, or in 
one made of paper, so as to keep the cover from pressing too 
much on the granules. yV knowledge of the appearance of 
the different kinds of starch, when examined by the micro- 
scope, is of great importance in detecting the frauds often prac- 
tised on the public by introducing granules of our common 
plants, and puffing them off as belonging to the more; 
nutritious and expensive kinds ; they arc also very bcautiiiil 
objects when viewed by polarized light. The following list 
will give the most interesting varieties: — 

Arrow-root, Indian Ilean, Sago, 

East Indian, Indian Corn, Tapioca, 

AVest Indian, Potato, Tons Ics mois (Carina), 

Iceland Moss, Rice, Wheat. 

Rapliides. — These are crystalline bodies found in the in- 
terior of the cells of plants ; sometimes they resemble needles 
in shape (hence their name), at other times they occur in 
octohedrons, or in stellate bundles. Several varieties will bo 
found in the following list : — 

Alois Kim (testa), Onion, 

Apple-tree, Grape-vine, Rhubarb, Turkey, 

Cactus opuntia, niekory, English, 

(iiineagonus. Hyacinth, Squill, 

senilis. Lime bark, Tulip. 

Spiral Vessels. — These may be procured either by macera- 
tion and sul)se([ueiit dissection, or by vertical sections of the 
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stems of plants ; in some transparent leaves they may be seen 
in situ, or may be acciidentally separated witli the cutiele. 
Very good examples will be found in the following — 


Amadou, 
Asparagus, 
Cactus opuntia, 
speriosa. 


Catitia bicolor, 
I lyaciiitli, 

Lily, jVI(‘xican, 
TiOng leek. 


Lycopodium, 

Nepenthes, 

Palm, 

Hliubarl). 


Ducts of various kinds. — These, like spiral vessels, may be 
dissected out of soft stems or roots after maceration, or may 
be examined by vertical and horizontal sections of more dense 
structures; the following plants will exhibit some of the most 
interesting specimens : — 

Dahlia, Opuntia vulgaris, I’leris atpiiliiun 

Klat(iriiim, Plui'iiix dactylilera, Ububarli. 


l^Foodi/ Fibre. — This, although strictly etdlular, is much m(»re 
firm and clastic than the usual forms of that tissue; the walls 
of the cells are for the most part structureless, whilst othei-s 
are covered with minute markings, or with glands, as, i'or 
example, those of the (‘oniferous tribe. The cells of woody 
fibre; may be examined in vertical and horizontal sections ; and 
after Jong macenition, or by a process termed hachlingy as in 
the ^H^se of llax and Innnp, may be sepai*atod from other 
investing tissues. In the latter plants it may be seen in 
its most simple condition, whilst, in sections, all its j)ecnliar 
modifications can be examined; the snbjoiiuul list*will alford 
some of tlic most characteristic examples: — 


Chirm-grass, 

Flax, 

I^'Jax, New Zejilaiid, 

I leiiip. 

Sections of Araucaria, 
(k'dar, 


Sc!Cllons of Date-palm, 

Drimys Wiiitiu*i, 

E})hcdra, 

Ncpaul wood, 

Jhiie, 


Air. Darker has long been known to microseojrists I’or his 
skill in makinji sections of. wood. Troin the time the 
achromatic microscope was first employed, he mounted s(;t3 of 
sections made in three different dir(;ctions, hetw<;en glasses, 
in the dry way, described in page 317. These served to 
26* 
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illustrate the structure of the principal families of plants, and 
the popular as well as generic and specific names are printed 
on small labels, and introduced between the glasses ; the list 
is as follows : — 


Quercus pedunculata ... 

Ulmus campestris 

Swiclcnia 

Diplazium Senimporense 

Balantium culcita 

llipotjoiium parviflorum 
Phccnix dactylifera 

Zamia horrida 

Saccliarum ofHcinarum... 
Desmanthus natans 

TEschyriomenc 

Testiidiiiaria clejdiantipcs 

Ilaiiksia speciosa 

Cercus Royeni 

Carica Papaya 

Araucaria cxcelsa 

inibricata 

Dainmara Australis 
Ciipnjssiis liorizoiitalis 

Codriis Lebaiii 

Larix Europca 

Pinus sylvestria 

Strobus 

picea 

Abies alba 

1'axodiiiiii sempervirens 
Juiiiperus virginiana ... 

Taxus liaccata 

Thuya orientalis 

Gnetum 

Ephedra alata 

Chiliensis 

Dacrydium pluinosum ... 
Salisbiiria adiaiitifolia ... 
Casuariiia e(piisetifblia ... 

Cyc.as revoluta 

Atropliila australis 

Santalum album 

Te(!tcma grandis 

Fraxinus excelsior 


Oak, 

Elm, 

Mahogany, 

Fern, 

Fern, 

Cano, 

Date Palm, 
Leaf-stem, 

Sugar Cane, 

Indian Rice*pa])er, 
Chinese Rice-paper, 


Cactus, 

Papaw, 

l*forfolk Island Pine, 
Chili Pine, 
Cowdic-iree, 

Cypress, 

Cedar of Lebanon, 
Larch, 

Scotch Fir, 

Auiorican Pine, 

Silver Fir, 

AVhitc Spruce, 

Red Cedar, 

Yew, 

Arbor-vita3, 

Pine, 

Pine, 

New Zealand Spruce, 

Maidenhair-tree, 

Horse-tail, 

Tree fern, 

Sandal wood, 

Teak wood, 

Ash, 
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risonia 

Dic'liorizandra thyrsillora 

Populus dilatata 

Tilia platypliilla 

Magnolia grandiflora . . 
Bainbusa arundiiiacea .. 
Coffea arabica 


Spiderwort, 

Poplar, Lombardy, 

Ijime-treo, 

Afagnolia, 

Bamboo Cano, 
Colfec-tretj. 


Fossil Woods . — Sections of these, made by the lapidary in 
the same direction as the woods last described, will exhibit very 
remarkable structures, the woody fibres, and sometimes the 


vessels, being as perfect 
Specimens obtained from 
amongst the most strikin 

Endogens — East Indies, 

Antigua. 

lii xf)geiis — A nt igii a, 

Allen Bank, 

Australia, 

Craigleiili, 

Claycross, Dor by shirt?, 

Cromer, 

Dudley, 

Darleston, 

Egypt, 


in them as in any recent stems, 
the following localities w ill be found 
; of this class of objects : — 

Exogens — llarw i eh, 

Honduras, 

Isle of Portland, 

Slior.poy, 

Wight, 

Ijonel Braes, 

New Holland, 

Oldburg, 

— Tweed IVIill, 

W arwick, 

Van Dieman’s Land. 


Hard Tissues . — These require to be prei)arcd like sections 
of bone and shell, sometimes by the cutting-ii^achine, but 
more frec^uently by grinding down on a hone thin slices that 
have been cut by a saw ; a jicculiar kind of gritty tissue 
is found in the pear tribe — this can be obtained eitlier by 
sections or by maceration. The following list will embrace 
the names of some of the most interesting kinds : — 


Pear, 

Seed of Croton tigliinn, 

Star Anise, 

Stone of Aprhrot, 

Cherry, 

Damson, 

Date, 

Ivory-nut, 

Peach, 


Stone of Plum, 

Tamariml, 

Shells of Brazil-niii., 

Cocoa-nut, 

Hazel-nut, 

Ivory-nut, 

Sago-palm, 

Walnut, 

Cone of Pine. 
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Algcs ^ — These arc found abundantly both in salt and fresh 
water; many of them form most interesting subjects for 
microscopic examination, the marine species in ])articular, 
being so often covered with Zoophytes oF various kinds, the 
ciliated arms and internal structure of whose polyps are 
objects of such extreme interest. In a work like the present, 
it would be impossible to point out all the principal varieties 
in either class; the author would, therefore, beg to refer 
those who may be anxious to obtain correct information on 
these subjects, to the excellent work of the lion. W. II. 
Harvey, termed Plujcologia Britannica^or a History of British 
Sm-wce(h; ami to the British Fresh-water AI(J(R of Dr. A. II. 
Ilassall. Amongst the alga?, however, arc now classed 
an extensive family of micros(iopic plants, termed Dcsniidicic, 
ha* our knowledge of the British species of which wc are 
mainly indebted to the labours of Mr. Kalfs ; they have a 
horny covering, and starch is a universal constituent of them. 
Their principal genera are as follows : — 

rt!ntasleriiis, Closlovixun, SeentMlosiiuis, 

Xiinthidiniii, Titmeinorus, Echiiiflln, 

Euiistriiin, IMicrasterhis, Dcsinitfiiiiu. 

Mosses. — The structure of mosses is one of extreme 
interest ; the parts most fre(|uently examined are the leaves 
and the theca, or seed vessel, with its various appendages, 
viz., teeth, calyptra, and operculum. Some vspccimens may 
be moimtcd In Canada balsam after having been moisten(‘d 
and then properly laid out b(?tweeii sheets of blotting pajxT, 
to dry the thecae ; others, from which the operculum has been 
removed, may be mounted on discs in the manner shown by 
figs. 215-16-17, and one specimen in particular, named the 
Funaria hygrometrica, when so mounted, will exhibit the move- 
ment of the teeth, if the moist breath be allowed to come in 
contact w'ith them. The leaves of Sjxhagnum, or the bog-moss, 
exhibit a cellular structure, with a spiral fibre wound round the 
interior of each cell. l"lic leaves of some species of Splachnum 
and Ilookeria are also remarkable for the elegance of their 
appeunincc. The following genera will be found to include 
the most interesting varieties : — 
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Diorjinum, 

Funiiria, 

GyniriostoniUTn, 


lI(M>kcria, 

Hypnuni, 

Orthotrichiim, 

Polytrichum, 


Spliagniim, 

Tortula, 

Trichostoimini, 

Weissia. 


Ferns ^ — The parts of this curious tribe of plants most in- 
teresting for microscopic examination, are the reproductive 
organs or sporangia which arc situated on the under surface of 
the fronds, and consist of yellowish brown masses of capsules, 
in which the seeds or spores are contained. Ferns should be 
gathered before the capsules are quite ripe, otherwise, in 
drying, these delicate structures are apt to burst, and the 
contained spores are scattered to some distance by the action 
of an elastic spinil spring, which forms a band or zone on the 
ui)pcr part of each capsule. After having been carefully 
dried, small portions of the frond containing the sponiles 
should be fastened by some cement to any of the large dis(‘s 
before described at j)agc 319, or the very flat kinds may be 
mounted between glasses with Canada balsam. The capsules 
arc best examined as opaque objects, with a power varying 
from forty to one hundred diameters, when illuminated by a 
Licberkuhn, or by the side reflector. As almost every kind of 
fern, whether British or foreign, is more or less beautiful, it 
would be needless to particularize any individual specimens ; 
those, however, presently to be enumerati^d under the head 
of spores, will serve to show both the capsules and their 
contents. 


Spores . — These, which arc analogous to seeds in other 
j)]ants, should be examined either as opaque or as transparent 
objects, with a magnifying power from two to three hundred 


diameters; the list might avcII include the whole of the fern 
tribe, as all are more or less beautiful, but the following may 
serve as a guide to some of the most interesting specimens : — 

LoiiiMrisi spicant, 
liycopoiliuin, 

Pt'Tis olegans, 


Adiantum nigrum, 

capilhis veneris, 

Aspidiuin aouleatuin, 

Diivsilliii Canariensis, 

(iraminltis celerach, 
HymcMiopliyllum Tnnbridgenso, 
AV list mi. 


hastata, 

Pulypodium vulgare, 
Soolopenclriiini v iilgare, 
Todea AtVicana. 
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Pollen , — All tlie darker kinds may be mounted in Canada 
balsam, the more transparent either in fluid or dry; some 
remarkable examples will be found in the subjoined list : — 


Acacia ariiiata, 
AnagaJlis arvensis, 

C 11a ^Ethiopicii, 
Campanula, 
Convolvulus major, 
minor, 


Fuchsia globosa, 
Geranium Kobertiaiium, 
Guernsey-lily, 

Iris fsctidissiiiia. 
Jasmine, 

Lychnis, scarlet. 


Marvel of Peru, 
Polygonum orieiitale, 
Pentstemon, 

Seduin acre, 
Tiger-lily, 

Tulij), 


Seeds, — These are generally examined as opaque objects, 
Avith a low magnifying power; some from tlie oreliis tribe, and 
tliose that arc termed by botanists “ whujed^'' may be mounted 
ill Canada balsam, and vicAved as transparent objects. The 
IblloAving list Avill contain the names of the most striking 
specimens : — 

Anagallis, Dandelion, Orchis maciilata, 

Anetlium gravcolens, Kromocarpiis, bilblia, 

Uignonia radicaiis, Groundsel, Poppy, 

Cavraway, Lophospermum erubescens, Sorrel, 

C!am)t, Manethia cocciuea, Sycamore, 

Collomia grandillora, ]\Iignionette, Verbena. 


Miscellaneous Structures of a fibrous character. — For the sake 
of comparison of known Avith unknown vegetable and animal 
fabrics, certain specimens of Avoody fibre, in the shape of flax, 
hemp, or cotton, and of animal structures, such as silk, hair, 
and Avool, should be provided ; some of them may be examined 
as opaque objects upon a dark ground, whilst others will require 
to be vieAved by transmitted light. Mummy cloths of different 
kinds have often been matters of dispute with various micro- 
scopists, as to the true nature of the material of Avhich they 
Averc composed. The late Mr. James Thomson, of Clitheroc, 
first directed attention to the value of the microscope in these 
researches, and demonstrated clearly that the material 
employed by the Egyptians Avas linen, and by the Peruvians 
<‘otton ; the former being known by its solid and cylindrical 
character, the latter by being a more or less flattened band. 
The structure of silk and hair is widely different from that 
of cotton or linen ; hence, in Avoven fabrics, a knoAvlcdgc of 



CLASSIFICATION OF VEGETABLE PliEPARATIONS. 409 


each becomes of the greatest importance, as it can be 
unequivocally demonstrated, by the microscope, whether any 
of the vegetable matters have been fraudulently introduced 
with those of an animal nature. The most instructive speci- 
mens will be found in the following list: — 

Flax, Cotton-jrrass, Mummy cloth, Egyptian, 

New Zealand flax, Cliiiia-grass, Peruvian, 

Hemp, Cotton, raw, Cloth, Taliitan, 

Indian hemp, Cotton, carded, Sandwich Islands, 

Cambric, (xun-cotton, 

Haw silk. Muslin, 

Spun silk, Wool, slu‘ej). 

Silk ribbon. Cloth, 

Lace- tree-bark. Felt, 


Beavers’ hair and wool, 
Babbits’ hair and wool, 
Coats’ hair and wool, 
Byssus of a Pinna, 

Mussel. 


Method of Viewing the Spiral Fibres in the Testa of the 
Seeds of Salvia, CoUomia, — For this purpose a full-sized 
seed of any of tlie species of the subjoined genera should be 
taken, and a very thin slice of the outer brown part or testa 
cut off with a sharp knife, ])lace this on a glass slide, or on 
the tablet of an aninuilcule cage, and subject it to the inicro- 
scoj)c, which for the purpose should be provided with a mag- 
nifying power of about fifty diameters, bring the object into 
focus, and then lay over it a cover of thin glass ; a drop 
of water being brought near to either of the edges of the 
cover, it wdll immediately run uiiderneatli and spread itself 
over as mucli space on tlie slide as the thin glass occupies ; if 
the testa be now carefully watched, numbers of * transparent 
tubes containing sph'al fibres will be found to grow, as it were, 
Irom all parts of it; this operation will last lor the space of 
two or three minutes, when it will stop. When the animalcule 
cage is used, a drop of water may be placed on one part of the 
tablet, and the portion of testa at some little distance from it ; 
the cover should then be slid on, but not so far down as to reach 
the water, the testa having been adjusted to the focus, and 
all being ready, the cov* r may be slid so lar down as to 
press the water all over the feiblct, and the giving off of the 
cells will take place as before. 

The seeds in which this property resides had been long 
known to become covered with a \\liite tlocculcnt matter like 
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mouldy after having been placed but a very short time in 
water, and the appearance was generally attributed to the 
first act of growth of the seed, but the microscope shows that 
it is due to the elongation of membranous cells, by the 
uncoiling of an elastic spiral fibre contained within them. 
"I'lio same phenomenon has been observed by Mr. Kippist in 
tlie seeds of the Acanthodium spicafnm, a plant brought from 
Upper Egypt by Mr. Holroyd; also in other plants of the 
fiiniily Acanthaceoiy but the presence of spiral cells is not con- 
stant throughout the wliole family. The entire surface of the 
seed of the Acantliodiura is covered with whitish hairs, which 
are so compressed as to adhere closely to it in the dry state, 
being apparently glued together at their extremities. On 
being placed in water, these hairs are set free, and spread out 
on all sides, they are then seen to be clusters of from five to 
twenty spiral cells, which adhere firmly together in their 
lower portions, while their upper parts arc free, separating 
from the cluster at difierent heights, and expanding in all 
directions like plumes, forming a veiy beautiful microscopic 
objc(d. The free portions of the cells readily unroll, exhibit- 
ing the spire, formed of one, two, or occasionally of three 
(Ibrcs, which may somellmcs be seim to branch, and not un- 
lre(|U(;ntly break up into rings. Throughout the whole length 
of tJjc c(?ll, the coils are nearly contiguous; in the lower part 
they ai-c united by connecting fibrils, and towards the base 
of the adherent portion become completely rcti(*uhitcd. The 
testa is a scini-transpareiit ineinbrano, formed of nearly 1 ‘cgular 
Jicxagoiial cells, whose centres are occupied by an opaque mass 
of grumons matter. Those cells wliit^h surround the bases of 
the hairs arc considerably elongated, and, gradually tapering 
into transparent tubes, appear to occupy tlic interior of tlui 
spiral clusters. 

Two species of BIcphans are mentioned as possessing a 
structure very similar to that of Acanthodium spicatum, differ- 
ing chiefly in the smaller and more uniform diameter of tlic 
spiral cells, and in their thicker fibre, which is always single 
and loosely coiled. 

1'he Pccil of liucUia Jhrmosa, on being [ihua^d in water, 
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develops from eveiy part of its surface single, short, thick 
tapering tubes, Avithin whicli, in some cases, a spiral fibre is 
loosely coiled, whilst in others the place of the spiral fibre 
is supplied by distant rings. The seeds of the following 
plants should be selected and treated in the manner above 
described : — 

Acniitliodiuni spicatuin, Collomin grandilolia, Riudlia forniosa, 


BI(*pliaris lineiiris, Salvia praUaisis, 

Cat^iiarlna, Phaylopsis glutinosa, Salvia 


ANIMAL TISSUES. 


Preparations of animal structures are obtained in a variety 
of ways; but, more or less, dissection will be found ncccssarv 
in almost every case. The subjoined lists will afford a ll^vv of 
the best examples of the different kinds that may be procured 
from the vnrious classes of animals. 

Siliceous Shclefons of recent and fossil Infusoria , — These may 
be obtained from a variety of sources, and as they are (*apable 
of resisting the action of strong acids, the method described at 
})agc 397 will be found necessary in all (iases. ''They may be 
mounted in balsam or in fluid; the very delicate kinds for 
test objects arc, however, generally mounted dry, bc'twemi two 
pieces of thin glass. The follow ing are the lo(*a]iti(?s in which 
the most remarkable species have been found : — ^ 


Recent Infusoria, 


Ammca, sov(*ii localities, 
Algoa Haj, 

Tliaiiies, at Tilbury, 

AVonlwieli. 

Lambetli, 

Soiitbamptoii. 

Riv<‘rs — Tyne, 

Clyde, 

Humber, 

Tagus, 

Nile, 


It ivers — iMersey, 

Orwell, 

Indus, 

l^ea, I'^ssex, 

Mi‘w liiver, Kiiliehi. 

Ponds at Hhicklieath, 

Wandsworth, 

T'^tteridge, 

Hampstead, 

— IliglvgaJt*, 

Spring Dyke, Hull. 



412 


MANIPULATION. 


Ponds at St. John’s, New Brunswick, Guano from Ichaboc, 

St, Vincent’s, Peru, 

Petcrsberor. Patagonia, 

Saldaiiba Bay. 

Charleston Harbour, 

Ipswich Harbour. 


Fossil Infusoria. 


Localities ^ 

Localities : — 

Barbadocs, Mount Hilloughby, 

Kritchelbcrg, 

Springfield, 

Holdenuiss, Yorkshire, 

Bermuda, 

Liinenberg, 

Franzeiibad, Bohemia, 

LeieestiTshire, 

Bger, Bohemia, 

GcTinany (five varieties), 

Cartel del Piano, 

Dolgelly, North Wales, 

Bilin (six varieties). 

St^dgeinoor, Somersidshire, 

Upper Bann, Ireland, 

Bridgewater, America, 

Ireland, Morn-moiintain, 

West Point, New York, 

Lapland, 

Tuscany (two varieties). 

Eisen (three varieties), 

Jutland State, 

Riehmon^i North America. 

St. Flora, 

Blue-hill-j)ond, Maine, 

New Zealand, 

Petersberg, Virginia, 

Tripoli (two varietit‘-s). 

Piscataway, Maryland, 

Tuscany, 

Ilollis-cliff, Virginia, 

Nova Scotia, 

Rappen hanock-el ill, A im*riea , 

Stockholm. 

Oregon, 


Cumberland, Rhode Island, 

Mountain Me.al, 

Wreatliaiii, 

]\lilk. 


From these localities will be found several genera, for 
splendid specimens of which English microscopists are in- 
debted to a few fellow-labourers in America, but more 
especifilly to Professor Hailey, of West Point. 

Many other kinds of infusoria may be preserved as micro- 
scopic objects, whose bodies are cither soft or contain only a 
small trace of silica; they may be mounted in one of the 
preservative fluids before described at page 278, but of these 
the Glycerine appears to preserve the colour best, although 
the fluids rccoinmciided by Mr. Thwaites and Mr. Ealfs will 
answer for most purposes. The cell to be emjdoycd should 
be very thin, cither made of the finest glass or of gold-size, 
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in the manner recommended by Mr. Topping, in page 288 ; 
tlie cover also should be very thin, as high powers will often 
be required for their examination. Many species of the 
following genera may be preserved in fluid, and some of them 
even in Canada balsam : — 


Achiiaiithes, 

Enclielys, 

Moridion, 

A(5tinocyclus, 

Euastrum, 

Navir.iila, 

Ampliitras, 

Euglena, 

rarameoiuin 

Arthroflesmus, 

Eunotia, 

Pyxidiciila, 

Bacillariu, 

Fragillaria, 

Stauroneis, 

Biddiilpliin, 

Frustulia, 

Steiitor, 

Brarliioniis, 

Gallionclla, 

Syiicdra, 

Clostcrium, 

(xi^mphoncma, 

'falndlaria, 

Cocconema, 

Gonium, 

Trichoda, 

Coscinodiscus, 

Tstlimia, 

Triceratiiin 

Biatoma, 

llydatina, 

Vibrio, 

Doxocoecus, 

Melosira, 

Volvox. 

Spoiiffea . — These lowly organized animals 

are found both in 


salt and fresh water in all i)arts of tlie globe, many of them 
are very minute, and may be examined without much 
previous preparation, whilst others require either to be burnt 
or acted on by acid, in order to display the small masses of 
flint termed spicula, which form their rudimentary skehiton, 
as well as other masses of the same material, which enter largely 
into the frame-work of the young sponges or (jtnmmdcs. The 
Britisli fresh water sponges abound frequently ia geniinules, 
but the spicula are mostly needle-shaped, like the raphidcs 
in the hyacinth and squill, but they are not crystalline ; in 
some of the marine species, especially those from Australia, 
New Zealand, and Algoa-bay, most remarkable specimens of 
both may be obtained, Mr. Bowerbank, who has paid 
considerable attention to their inicroscojnc structure, lais 
discovered a variety of new and interesting forms ; but as an 
immense number of foreign species, which possess beautiful 
spicula and gcmmulcs, are still unJcscribcd, it would be 
impossible, at present, to give the names of more than a few 
of the well-known ffcnem : — 
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Diotyorhalix puniioeus, 
Dysidwi, 

Oeodia Mullia-i, 

Gi*anh*u <vjiii|)ressa, 
Ilalichondria j)iinicca, 


Pacliyniatisma J oluistonia, 
Spongllla Iluviatilis, 

lacuslris, 

T<»lJi(*a crai)iinii, 

lyncuriinu. 


Alcjioilium, — iS» early allied to sponges is a family of 
Z()0})hytes, termed Aleyonida3, which are often lobed in a 
peculiar manner, the outer skin being tough and studded all 
over with stellate figures, each of which is divided into eight 
rays ; from these the tentacula of the ])olypes, also eight in 
number, may often be seen to issue. The ccJls for the polypes 
arc situated immediately under the skin, and are the tcsrmina- 
lions of long aquiferous canals, which run through the whole 
polypidom; the space between the tubes is occujned bj’^ a 
loose, fibrous net-work, the fibres of which, in some places, 
are more crowded than in others, and there form small com- 
paitments. All the interspaces are filled up with a transpa- 
rent gelatine, in which numerous irregular sj)i(‘iila lie 
immersed. These spicula arc calcareous, and arc mostly in 
the form of a cross, and tootluid on the sides.* They may be 
obtained from thin slices by ma(*x*ration, or by burning a small 
portion of the animal in a. spirit lamp, or more simply 
by boiling the gelatinous matter in caustic potash. Three 
kinds found on the British coasts are admirably described in 
the work just (piotcd; these will all exhibit remarkable 
spicula, and' are named as follows: — 

Alryonium (Jigitatuni, A. gloincmtuin, Sarcodic^tyon catcMiata. 


Many other kinds arc met with on foreign shores, in which 
spicula of very peculiar shapes are abundant ; the author has 
in his possession some sea-sand from Java, of which full one- 
third of the bulk is composed of the spicula of different species 
of Alcyoniura, Gorgonia, and sponges, and one-third of the 
remainder of foraminiferous shells. 


* A HiMory of British Zoophytes^ by G. Johnston, M.D., LL.l). hon* 
don, 1847. 
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Gonjonku — Allied to Alcyoniiim is another family of* 
Zoophytes, termed Gorgoniadie, which, like the preceding, 
abound in spicula of various shapes ; these may be obtained 
in a similar manner, cither by sections, by maceration, by 
burning, or by boiling in caustic ])otash. The British species, 
acc^ordiiig to Dr. Johnston, arc five or six in number; but in 
other parts of the globe they arc very abundant. Mr. 
To|)ping, and the other preparers of inieroscoi)lc objects, 
supply a large uumbcir of varieties of spicula, almost all of 
which arc obtained from foreign specimens. They arc often 
of a beautiful pink colour, and, when mounted in Canada 
balsam, arc objects of great Interest. Tlui following species 
are inhabitants of the British seas : — 

Gorgonia viTrucosa; G. piumUn; G. riaconiiis ; G. anceps; 

Priuinoa 


Corah . — These nve best examined by horizontal a? 1 vertical 
sections ; if the animal matter only is required, the sections 
may be macerated in hydrochloric acid, to which five or six 
times its bulk of Avater has been added. Mr. Bowerl)ank has 
paid considerable attention to the stru(‘Aure of the Corallidas 
and to Jiis published paper in the volume of the Philosophical 
Transactions for 1 842, the author would refer those who are 
anxious for infonuation on these jioints. 

Zoophytes . — Kesidents or occasional visitors at the sca-side, 
when provided with a microscope, will have abundant o])[>or- 
timities of examining some of these most (degant of animal 
foj*nis. Scarcely a piece of sea-weed or fragment of shell wdll 
be found, that does not afford a habitation for some member 
of this interesting family. Some choose for their dwelling- 
place the depths of the ocean, whilst others are found in 
localities that are left high and dry at every ebb tide. The 
inhabitants of the deep water are procured by an rjperation 
termed dredging^ whilst the others can be very well collected 
at low water, as they are gcne*rally adherent to sea-wceds, or 
to old shells or pebbles ; amongst the most common are tlie 
various species of Pliimularia, Sertularia, Tubularia, and 
Bow'erbaiikia, all of wdiich are most beautiful objects for 
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microscopic observation; the latter genus was especially 
abundant at Herne Hay, in September, 1848, where it 
might be picked up in profusion on tlic beach, being 
attached to a variety of sea- weeds. For a full description of 
the various British species of Zoophytes wlilch may be met 
Avith either in fresh or salt water, the excellent work of 
Dr. .lohnston, before quoted, should be consulted. 

Insects . — This division of the animal kingdom affords to the 
microscopist the most numerous and, jAcrhaps, the most beau- 
tiful class of objects for examination^ as there is scarcely a part 
of the body of an insect that does not exhibit some remark- 
able structure. Tn the following classified list arc cnumeKite<l 
some of the insects in which certain parts and organs may 


best be viewed : — 

Antemur, 


Cockoliafer, 

Pliiuied Gnat, 

Privet-hawk Moth, 

Coekroaoh, 

IMidgc-lly, 

Staphylinns, 

Gnat, 

J’oj)lar-lia\vk Moili, 

Tiger-moth. 


Blow-dy, 

Ichnciiinoii, 

Itcd nnderwing-moth, 

Cnbbage-bntterfly, 

Lacquey-moth, 

Silkworm, 

Cockroach, 

Magpic-inotli, 

Spider, 

Field Cricket, 

Privet-moth, 

W^'jter-scorpion. 


Eliftra. 


Buprostw, 

Dermestes, 

Musk-bceth', 

Co(!k chafer, 

Diamond-beetle, 

, Notoiiecta, 

Cicindela gerinanica, 

Dyticus, 

Rose-beetle, 

inaritima, 

Mantis, 

Unieorn-bectle 


The elytra of the various kinds of diamond beetles ar(? 
amongst the most brilliant of all. opaque objects; some ol 
them arc much improved by being mounted in a thick cell 
with Canada balsam, in the manner described at page 308, 
whilst others lose much of their splendour by being so treated. 
In order to ascertain whether an elytron will be improved by 
the balsam, one of the legs, or some part supplied with a few 
of the iridescent scales, should be touched with turpentine : if 
the brilliancy be increased, the mounting in balsam should be 
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mloptnd; if, on tlie oontrnry, tlic colours be at all deadt'nod, 
it should be inoiiritod dry, cltber on a disc or in a (‘oll, as 
described at page 322. The elytra of some beetles, aftia* 
liaving been softened in caustic potash, may be immntcd 
b(*t\yeen fiat glasses, as ordinary obj(icts, and in them the 
arrangement of the trachea', the ]>its, aiul cli'.vatit)ns on the 
surface, and the short sj)iny or branched hairs, may be well 
examined. 

/w/f'jf of Tnmis^ Cntalarca^ ami Aravlnada,~\\\ the iirst 
two the eyes dilVer in veiy many points from the same organs 
in the higher classe.s ol‘ animals, each being com])Osed of an 
aggregation of many Inmdreds of minute lenses. In the 
Arachnida or spiders each eye has only a singh^ lens, and, in 
orden* to compensate for this seeming want, tlu* number of 
eyes is inert'ased (roni four to twelve in some sj^ecies; a few 
genera of insects are provid(‘d with two or thri'c single (‘yes 
in the front of their Imads. The shape oi* the h'lisc*.- ’s always 
such as to admit of being adapted to each otlun* without loss 
of sj)a<*e; the moi’e common form is liexa<>;onal, but in sonu* 
erustacc'a they are S(piar('. '^fhe ext(‘rnal lorm of tin' eye 
may be seen hi sifu in all ins(;cts wlum viijwcd as opatpui 
objects, but the layer of lenses requires the aid of maceration 
and dissection to free them from a (‘onsidcrablc amount of 
l)igm('nt; these may be mount(‘d (‘itlier dry, in fluid, or in 
balsam; in the lattcT way the (‘ollcction ot' lenses, if requin'd 
to be flat, must be mad<^ so Avhilst soft, by pressure?, otlierwise 
they are liable to split. 

The subjoined list will s(wve to point out some of the insects 
from which the most striking specinKUis of (\ycs may be taken : 


Jk'o, 

Cray-iisli, 

Skriinj), 

Ueat-lly, 

(.'rioket, 

Si)innx. ligiistri, 

Butii'irlly, 

l)i*a"<)ii-lly, 

S[)i<U‘r, 

Cicindela, 

Drone-lly, 


tJvnl), 


'J illKillUS, 

(-'rane-tly, 

Lol 

Water-scorpion 


Feet of Inserts, §y*. — 'J liese may be examined as (Tpaepie 
objects when mounted on discs, or by transmitted light when 
pla(*.od in fluid or in Ciinada balsaii.; the latter uietlu^d is, 
27 
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perhaps, on the whole, the most satisfactory. Remarkable 
examples of adaptation of structure to particular purposes 
will bo found in the insects named in the following list: — 


Blow-lly, 

Bee, 

Hornet, 

Wasp, 

Hoiise-llv, 

Spider, 

Drone-lly, 

Diamond-beetle, 

Saw-ily, 

Dytic.us marginalis, nude. 

Asilus, 

Aeilius snh*atus, male, 


Chrysis ignita, 
Tabaniis bovinus, 

tropicus, 

Ophion lutiHis, 

IclmeuTuon, 

(^-ase-fly. 


Hairs of Insects^ — These may be mounted either in fluid 
or in the dry way ; in some spiders the hairs are brancluid, 
in the larvae of* many insects they are covered with spines, ajid 
in the Crustacea they arc provided either with spines, or are 
plumed very like a feather; some of the most interesting 
s])echncns of the latter kind will be found upon the body and 
legs of all the crab tribe, but upon tin; flabclla or sweeping 
organs, which arc situated within the branchial chamber, the 
hairs present the greatest number of peculiarities; they are 
mostly scimetar shaped, and provided with teeth-like pro- 
jections from the convex side, for the pur]^osc of separating 
the lamiiVcC of the branchite one from the other, in order to 
admit water between them.* The remarkable fstructure 
exhibited in the minute hairs of the larva of the Dermestes is 
shown at C, figs. 1, 2, 3, in plate 6 ; in the early days of achro- 
matic microscopes it was considered as a test object,” and 
on this acebunt has been retained and accurately represented. 
The most interesting specimens arc mentioned in the sub- 
joined list : — 


AeiVms snloaius, 

Heo, 

(Jnib, 

Ilabclla, 

(small edible), 

ilabclla. 


Dermtistes larva, 
Diamond-beetle, leg, 
(luat, wing, 
llereules-becllc, 
Jjarva, Tiger-moth, 
Tussock -mot b. 


Lobster, ilabclla, 

tail, 

Sea- mouse, 
Shrimp, 

Spider, 

Stag-beetle. 


Parts about the Mouth (f lusaets, ^c . — Some of these, such 
as the jaws of beetles and spiders, and the probosces of the 

* Vide, a paper by the author, “ On the Structure and Use of the 
Flabella,” in vol. ii. of tlie Transactions of the Microscopical Society* 
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Curciilionidaj, require little or no preparation, and may be 
mounted on dises and examined as o])aque objects, whilst 
others, such as the probosecs and lancets of flics and bees, will 
demand no small amount of skill, in order to display them to 
the best advantage ; when thin and transparent they should 
be mounted in fluid, but in balsam when tluy are thick and 
opaque. Previous to being mounted in the latter way, all 
specimens of the probosecs or lancets should be dissected 
whilst soft, and then laid out in a proper ]>osition upon a slide 
to dry; as those that arc taken from rcicimt insects and placHul 
in balsam immediately, generally mak(‘ it ap])ear milky- '^fhe 
list given below will contain the names of some of those in 
which the most important Anrioties will he found : — 


Ant, 

Asilus-fl}'', 

lice, 

— fly, 
lictitlo, 

Blow- fly, 

Breeze-fly (InrvM), 
Boat-ily, 

Bug, 

Cliatncleon-fb', 


CVic.ket, 

Knipis-fly, 

Plea, 

Gnat, 

Ilurnct, 

House-fly, 

Ixodes, 

Mason Wasp, 
I Voboseis of 


Probos(’is of Butterlly, 
Rluiigia, 

Sand -bee*, 

Raw -fly, 

S(:ov])i(>n-ily, 

Spblcr, 

wabir, 

I'abanus, 

1'iek, 

M\asp. 


Parasitic Insects, — Tlicsc, when caught, should bo placed in 
spirit and water, in order to kill them ; those that are v(*Ty 
transpjireiit may be mounted in fluid, the gl^'ceriiie or 
Goadhy’s solution will answer well ; some i)ersons, however, 
prefer castor-oil, as recommended by Mr. Warington. If the 
specimens be very opaque, they may be dried and mounted in 
Canada balsam ; some of the large kinds, sncli as the various 
species of Ixodes, with peculiar instruments for ailhcring to the 
skin, may be mounted on discs and examined as o])aqiie olyccts. 
The term Fqnzoa has been applied to this (duss of insects, in 
cons(;quencc of their being found on the exterior of animals, 
and in contradistinction to those occurring within, Avhich arc 
called Entozoa, The species of the former arc exceedingly 
numerous, and but few hitherto have been described ; scarcely 
any animal of the higher classes is free from them dui-ing 
27 * 
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some part or other of its existence. Tlie subjoined list could 
be carried on almost ad infimlttm, but it has been deemed 
necicssaiy only to include in it smih specimens as exhibit some 
interesting points of structure. Those who would wish to see 
hgures and descriptions of a great number of specncs, should 
consult the Avophirorum of ]\fr. Denny, a work devoted 
espec/ially to tlie subject.* Some of the parasites are claiiru'd 
by the entomologist as belonging to llie class Tnseefa, Avhich 
includes all that have six legs, whilst others, having eight, 
and commonly called Acari^ are included in another class 
termed Arcudinida. In the })resent case such a distinction is 
not necessary; they will, therefore, all be termed Parasites 
or D[)izoa, and the animals from which they arc taken placed 
in alphabetical ordcT: — 


Albatross, 

IFedgi^iog, 

Bat, 

Ass, 

Mole, 

Itook, 

Iblt, 

nuin(*a-pi;ri 

Snail, 

Boa, 

fowl. 

Snake, 

WUiT, 

Horse, 

Sparrow, 

ex avia of 

Harvest- bii^. 

St(»rk, 

Cariaina, 

Ornilhorhynehus, 

Swallow, 

Cat, 

l*arl rid<rc, 

Tiek ofDo^, 

T)o<t, 

IVaeoek, 

Ox, 

Kilgle, 

BtMliculi bumuni, 

I'olecal, 

Kleu, Bat, 


Slieej), 

Bed, 

Bi^eon, 

4’ortoise, 

-■ — Cvt, 

Bluasaiit, 

Vulture*, 

Dotj, 

Babbit, 

Water-r.it.. 


Some very minute insects, termed Ajdiklcs^ are abundajit 
on most plants, the leaves of wdiich they speedily injure and 
ilcstroy; others again, to which the term Ci/uips has b(?en 
jissi^^-ned, are the cause of certain excrescences on the leaves 
of ])lants and trees termed galls. Tlu) w(jll-known oak-apple 
is produced by an insiict termed the Cynips rpiercus, a most 
exquisite object when examined by reflected light; the same 
also may be said of the insect irom the gall of the rose. Jn 
order to collect the Cynips from these structures, they should 
be gathered when ripe, and placed in a box covered with 

jWwoi^rnphitf Auoplurorvm Ih'itannifP^ by IJ. Denny. London, 1H42. 
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gauze ; in a few days or weeks numbers oi* insects will escape 
from the gall, from a single oak-apple liimdreds have been 
known to make their ap[)earance, and, j)erhaps, only one in 
every six will exhibit beautiful colours, the others being 
black, these may be rijected, as they exhibit no remarkable 
structure. The coloured Hies from galls of the following 
Xrccs may be procured very rciulily, and arc amongst the most 
beautiful of their kiinl: — 


Cyiiips of the Ash, 

Oak, 

Ivose, 

Sycjmiore, 


Aphis of the Oeniniuiii, 

Hop, 

■ lh)talo, 

hose. 


Another tribe of minute insects is known by the name ot' 
Acari, of these the cheese-mite, with its eight legs, is the 
most familiar exainph) ; generally s|)eaking, these burrow into 
the soft parts, and arc only otjcasionally found on the surhu^e. 
One spccu's, A. scahirl^ is peculiar to the human subject, and 
others to particular animals. With the i\cari may be notiiied 
another panisite occurring in the sebaceous loHicles, that in 
mail being called the Entozoou folUcidonun, The sulijoined 
list will give the names of a few specimens of both kinds: — 

Aoavns aiitmnnalis (llarvest-bng), Kntozoon folliculornin (]Miin), 

(l()iiiosli(rus (Chee'C-iuile), (Jlorsi-), 

scabici (Itdi-iiisoi-l ), (Ooiry 


Method of ohtahii/if/ the Aeanm scahiel or Tfeh-insert , — 
Many persons having so often failed in proimring the Aeari 
from the disease called itch^ and those from the little black 
spots about the face, termed actie^ liavc been led to doubt the 
existence of these minute creatures, on which account it has 
been deemed necessary to give a lew bints how they may he 
best obtained. In tlie case of the itch-insect, .Acarns scabici, 
the operator must examine carefully the parts surrounding 
each pustule, and he will generally find in the early stage ol‘ 
the disease a red spot or lilie cominunieating with it ; this 
part, and not the ])iistule, must he probed with a pointed 
instrument, and the insect, if present, turned out of its 
lurking-place : the operator must not he disappointixl by 
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repeated failures, as, in the best marked cascws, it is often dilli- 
cult to detect the haunts of the creature ; when found, it may 
he mounted in some of the preservative fluids — the glyeeriiUv*, 
perhaps, will answer the best. 

To obtain the Entozoon folliculorum^ it is necessary to 
choose some spot where the sebaceous follicles are very 
abundant — the forehead, the nose, and the angles between* 
the nose and lips, being the regions that should be selected ; 
if a })art where a little black spot or pustule is seen, be 
sfiueczed rather hard, the sebaceous or oily matter accumu- 
lated unnaturally will be forced out ; if this be laid on a slide, 
and a small (juantity of oil added to it, so as to separate 
the harder portions, the insects, in all probability, will be 
floated out; after the addition of more oil, they may bcj 
taken aAvay from the sebaceous matter by means of a fine- 
pointed sable pencil-brush, an<l traiisierred to a clean slide, 
where they mtiy be covered over with thin glass, aiul 
mounted in the usual manner. 41ie Eiitozoa are more 
abundant in the skin of some persons than ofotliei’s, buttlierc 
is rarely an instance where many black spots are seen about 
the face or forehead from which they may not be obtained 
after a careful search. 

Another species of Acarus, termed the A, antumnalis, or 
harvest-bug, is very common in the autumn; these insects 
crawl oil the skin, and insinuate themselves into it at the 
roots of tile hairs, Avhere they occasion a vciy painful 
irritation ; if these parts be examined, a number of minute 
red spots will be seen, from each of Avhich a reddish acarus 
of small size may be dislodged by means of a needle or other 
sharp-pointed instrument; this can be best seen in fluid, but 
the structure of the darker kinds may even be satisfactorily 
made out Avheii mounted in Canada balsam. 

Another Acarus, and one which for very many years has 
been the great source of delight to young observers, is the 
A, (lomcsticus, or cheese-mite ; this may be well shown either 
as an opaque or a transparent object. As mites can be so 
readily met with alive, it is hardly necessary to mount a 
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specimen ; however, it be required to do so, the glycerine 
will be found tlie best fluid for the purpose. 

Scales of Insects . — These minute bodies, familiarly known 
as down, Avere first discovered and described by Leeuwenhoek; 
in more modern times, the lines on their surfaces have served 
as objects for testing the defining powers of single lenses, 
doublets, and achromatic combinations. The scales haviiiir 
the greatest number of lines in a given space, and, therefore^ 
the most difficult to define, are accurately represented 
in plates 7 and 8, and a full description of the same will be 
found under the head of test objects. In order to examine 
them to the greatest advantage, they should be mounted dry, 
after the plans described at page 314, and exhibited by 
figs. 212-13; the scales are readily removed from the wing by 
merely pressing the latter very gently upon an onlinary slide, 
or upon a piece of thin glass, to which they will adhere firmly; 
they may then be covered up and cemented in the mannej* 
previously recommended for dry objects, or as shown l)y 
figs. 212-13. The scales from the Avings and bodies ol* the 
IblloAving insects Avill exhibit many varieties of markings, all 
of which may be employed as tests : — 


Aliirlta liexiidactyla, 
Curculio iniperialis, 
Gnat, 

Hij)j)ar(;liia janira, 
Liisiocampa t^uercu^^, 
Lupisina saecliarina, 
iMorpbo Mciiiilaus, 
Fapilio Paris, 


Podura plunibua, 
Polyommatus Arioii, 

Aris, 

Adonis, 

— AUixis, 

Ar<rus, 

Ar'fiolus, 

'Pinoa veslianolla. 


Spiracles ami Tracheoi of Insects . — 1 he method of preparing 
the trachcai and spiracles of insects has already been described 
at pages 361-2; they may be examined in sif.n in many of 
the parasitic insects, in others the aid of dissection is neces- 
sary for their due display. It must be borne in mind, that if 
they be mounted in balsam they shoAV be&t Avhen full of air. 
The foUoAving larvue and perfect insects Avill exliibit the* 
tracheie and spiracles in a very beautiful maimer: — 
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Spiravlea. 

Btro, 

(-'I'lilipiMlr, 

Co(;kdi;il(*r, 

Dyticiis, 

Ljii'vn (if lUow-ily, 
Wasp. 


TrachefP. 
niow-lly, 
f ■oiitlptale, 
Cliaiiu‘looii-lly. 

Larva of CockeliafcM*, 

T)ytl(.*us, 

(Joiit-niotli, 

Silkworm. 


StuKjH . — All the appariitiis by wbi(*h the poisonous matter 
is sceretocl, and the duets by which it is conveyed to the 
stin^’, as well as tlui sting itscilb are best shown in fluid, but 
as the diss(?ctiou oi* these delicate ])arts rcjcjuircs very con- 
siderable care, the ])lan of* drying, and then mounting them in 
balsam, is more commonly practised; the subjoined list will 
point out the best Insects for the purpose : — 

IchiKMimon lly, 

Ilorncl. Wasp. 


Stomdcha . — In some insects, such as the bee, the ramifica- 
tions and anast()most?s of delicate trachcic inay be shown upon 
the thin walls ol‘ this viscus; in others, the glajidular 
structure of tin* organ is well seen, whilst, in a l*ew, tluj tihu- 
rating apjraratus, or gizzard, situated at that part of* tlui 
junction of* the stomach with the intestine, called the pylorus, 
may be well exhibited. The insects named below will show 
all these parts to advantage, and are, theretore, the best for 
dissection : — 

Bee, C-rieket (common), Stapliyliiuhs, 

l>l(j\v-ny, Alolc-crickct, Sta;;-1)ccllc, 

Coc'kroacli, Dyticus margiiialis, AVasj). 

Besides the j>arts of* insects already alluded to, there aie 
other imj)ortant organs that require a separate mention, such 
as the ovipositors of various flies, the spinnerets of spiders, the 
jaws of the locust, and other orthoptera, together with many 
remarkable structures that will fall in the way of the minute 
dissector, dhe insects in which the ovipositor can be well 
seen will be here enumerated, as well as some other parts of 
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the Siinio interesting class of animals^ that will amply rcpaV 
careful examination and dissection : — 


Ovipositor of Ciciwla, 

(’yiiips fiULTCus, 

Dronolly, 

Fiol(l-cri(*kc‘t, 

Irlinoumoii, 

Snw-lly, 

S])iiiJierot ol‘ Siiidor, 


Wvh of Clubioiia iitrox, 
Jaw of Locust, 

1 loiiso-crickot, 

Mantis, 

Drum of Cicada, 


Kile of Cricket , 

Crasslioi)i)cr. 


PREPARATIONS FROM THE ITKUIER ANIMALS. 


JUood ^ — To (‘.xamine this vital fluid, it is ne(‘essaiy to place 
upon a glass slide a. small drop recently taken from the 
animal ; a cover of mica, or of the thiniu^st glass, shoidd be 
laid over the drop, which is then r(%‘idy to be viewed with the 
highest pow(TS. If it be retpiired to reserve a specimen for 
future examination, a very small (piantlty should be spread in 
the thinnest possible layia* upon a glass slide, whi(‘h Is then 
to be passed rapidly backwards and forwards through the air, 
so as to dry the blood as (puckly as possible, when the discs 
or corpuscles will be found to l.ave altered but little in shape; 
in order to prevent the prepai-ation from being injured, or 
even rubbed off, a cover of tli(‘ finest glass slioidd be laid over 
it, and cemented down in the maniKT described at page JIJ; 
a speeamon so mountiMl may be kept for ytiars. following 

vertebrate animals will exhibit the most marked peculiarities, 
the corpuscles being largest in reptiles and fishes, and smallest 
in birds and mammals : — 


Fislv s. 


K(‘l, 

Perch, 

Salmon, 

Skiitt\ 


Birds. 

( N)imuun fowl, 

Goose, 

Ostruli, 

S wallow. 


U(j)tih‘s, 

(h’oeodile, 

J'Vog, 

(ii ccn li/ar;l, 
Xi*wt. 


* Those, who may wish to learn the comparative sizes of ilu* blond 
eorpuseh's in tin*, veriebrato animals, should consult tlu*, valuable table ni 
Mr. Gulliver, published in the clii. number of the Brovvvdiirf^s of tin; 
Zoological SocicUj, 
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lUptilcs, 

Siren, 

Slo>v-wonu, 

Snake, 

Tojnl, 

Tortoise, 

Turtle. 


Mamnuih. 


Camel, 

l')i*oim*dai*y, 

Elephant, 

Goat, 

Hedgehog, 


Man, 

Mouse, 

Najm jnusk-deer, ^ 
Sheep, 

Sloth (two-toed). 


Bom , — The structure of the osseous skeleton of animals 
can only be satisfactorily examined by thin sections, made in 
different directions, and ground down, polished, and mounted, 
according to the directions given at page 328 ; if^ however, it 
be merely re<j[uircd to view the shape of the bone cells in 
fossil bones, small thin cliippings, mounted in balsam, will 
suffice. In order to obtain a good general idea of the struc- 
ture of bone in the vertebrate classes, specimens, cut hori- 
zontally and vertically, should be obtained from the following 


animals : — 



Fishes, 


Reptiles. 

Cod, 


boa (vertebra), 

Ck)iig(;r-eol, 


— (lil)), 

Erl, common, 


Crocodile, 

Fl)fiug-flsh, 


Trofr, 

Lepidosteus, 


Meiiopome, 

scale, 


Newt, 

Hay (spine), 


Siren, 

Shark (viu-ti^bra). 


Snake, 

Silurus (spine), 


Toad, 

Sturgeon, 


'^Fortoise, 

Sword-fisli (sword), 


3'nrtle, 

Turbot (spine). 


Carapai-e. 

Birds, 


Mumimils, 

Albatross, 

flat, 

Lion, 

Common fowl. 

Camel, 

Mouse, 

Ostricli, adult. 

Elephant, (.)x. 

young, 

Horse, 

llhinoceros, 

IVnguin, 

Human, 

, adult. Stag, 

Swallow. 

— 

fmtid, Wbale. 

Specimens may be taken from the crania of small animals 


so thin, that they will require no grinding at all ; these may 
either be mounted dry or in fluid; even. in larger animals 
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portions of tlic etlnnoid bone will often require no prcpani- 
tioii, being sutKcicntly transparent for all purposes of cxaiiii- 
nation. 

Besides the above described specimens of recent bones, 
there are others found in the fossil state that, when cut and 
polished, will exhibit their intimate structure as well as the 
fresh specimens; they are generally prepared in the same 
manner as the fossil woods before noticed; other»s, when very 
opaque, may be entirely mounted in balsam. The subjoined 
list will afford the names of a few animals in which the most 
interesting structures may be Ibuiid : — 

limn*, Ictliyosiiiiriis, Plcsiosiiuriis, 

Dinoniis, lguanod‘>iu Ptorodactyle, 

Elk, JMmiiinotli, Uhinoceros, 

llipimpotaiuuSn Mastodon, Wludo — rib, 

ITja'iiu, JVfan, ear- bone. 

Teeth , — Like bone, these re(|uire to be made thin and 
polished, in the manner described at page 329; but the 
operation is very difficult, as the majority of teeth ani sup- 
plied with a coating of enamel of flinty hardness. As there 
arc three distinct elements, viz., the cement, the ivory, and 
the enamel entering into the formation of most teeth, it will 
be necessary that the sections b(* made in many directions, in 
order to arrive at a time knowh dge of the formation of each. 
In the following list will be given the names of 9 . few of the 
animals wliose teeth exhibit some well-marked points of 
structure ; — 

Fishes, Sliark, Carcliarias, Mnnumds. 


Cat-fish, 

Lanina, 

Armadillo. 

Cod-fish, 

Saw- fish, 

Ass, 


Wolf-fish. 

Uoar, 

Coiiiiiion (‘1*1, 


lb*avor, 

Halibut, 

Reptiles, 

Hoar, 

Lopidnslcus, 

Alligator, 

Cat, 

Alyliobatos, 


Deer, 

l*aiTot-fish, 

Crooodilo, 

Dog, 


Tguiuia. 

Dugong, 

Piko'Earvacuda, 


Eh‘phant, 
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Mammals. 

Fox, 

llorsi*, 

lluinati, udiilt, 
fa*tal, 


I- ion, 

Moiist;, 

Ox, 


Rat, 

Shocp, 

AVhalo. 


Fossil Teeth. — These, like the fossil woods iind bones before 
named, may be mounted on slides, with or witliout beino; 
covered with Canada balsam ; many of them, liowcver, dilfer 
but little from tlic recent specimens, but those of extinct 
j’aces of animals exhibit some very remarkable peevdiarities, 
and sliould, in all cases, be carefully examined, as from the 
structure of a tooth alone the class of an animal has more 
than once been determined. Those who would wisli to enter 
minutely into tlui examination of recent and fossil t(‘eth, 
shoidd consult the admirable Odoiitograpluj of J^rolessor 
(Jwen. A few interesting specimens of the teeth of diflereut 
animals arc here enumerated: — 

Jkjar, fclJiyosiiiirus, Myliobatos, 

Doiidrodus, LnhyriiitluKhui, J^Jesiosiiiirus, 

Sliiirk (nsjnn sju'cirs). 


i^hdl . — The structure of shell has only lately attra(*.ted tlui 
attention of microscopists, but siiure tlie year 1842 the subject 
lias Ix^eii s(;ientiiically investigated by Air. Bowerhaiik and 
Dr. Carpenter; to th<' latter gentleman, more es[)ecia]Iy, W (3 
are Indebted for several valuable papers in the Tnmsactions of 
the Frltisli* Association^ to which the author liegs to refer 
tliose who may wish to enter fully into the subject. The 
method of preparing these interesting structures for examina- 
tion has already been detailed at l>ag(i 331, it only remains 
to give a list of the genera and species that should be selected, 
in order to exhibit the principal peculiarities in structure, as 
described by Dr. Carpenter; these arc as follows: — 


Aiiiitina nil'll, 

Aiionrui t'phippiuni, 
Aviculii iniirgai'itaci*;!, 
Etlicria, 

(jlerviilia, 

JLiiliotis sploiidcns, 
Ilippurile, 


Lima senbra. 
Lingula anatina, 
Malleus ,albus, 
Alya areiiaria, 
Ostrea edulis, 
i^erua ephippium, 
Pinna si|uauiosa, 


J'inna marina, 

nigrina, 

filires of, 

Pleurorliyjiehus, 

Terebratula, 

Trigouia, 

Uiiio oecideiis. 
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Brsidcs the structure of the shells of tlic molluscous nuimals 
before enumerated, there are others belono-ni" to the classes 
of Ecdiinodermata, Crustacea, and Cephalopoda, that re({uire a 
separate mention ; thin sections of these, in difR'reut directions, 
are prepared in the same manner as those of shell, which they 
have been said somewhat to resemble in their minute struc- 
tural arrangements. The most interesting varieties are men- 
tioned in the following list: — 


mi to, 

CiUnris, spino, 
Ci-mI), n'd pnrl., 
— bljiok part, 
Cray-fisli, 


Culllo-l)oii(‘, 
Koliimis, P])ino. 

sholl, 

EmTinito, 

L<>l)sU‘r, 


I'ontaorinito, 

f*r:nvn, 

Shrimp, 

Spnt.-m^iis, 

Star-fi>h. 


The striK'turc of the spines of the Cidaris, and many other 
vspecies of Echinodermata, form some of the most beautilid 
objects that ha-ve yet been exhibited by the microscope; they 
arc so very brittle, that tlu^ greatest care is retjuirod ! \ grinding 
them down ; the imithod described in page 332 for delicate 
sj)eciinens of bone tmd teeth, should bo tlie one adopted, and 
to preserve them from injury, and tit the stime time to display 
all the peculiarities in their arrangement, they should he 
mounted in Canada balsam; some of the very minute coloured 
spines from small spccicis of l^chini arc interesting subjects 
for examination when laid tJat in balsam, wdthoiit any 
previous prej)aration. Transverse sections are the best for 
exhibiting the cellular arrangeinciit; the longitirtlinal do not 
show much more by the mi(‘roscopc than can be seen by the 
naked eye. 

In all the shell structures, in order to understand the 
arrangement of th('. animal matter, one or more sections in each 
direction should be subjected to the decalcifying process, as 
described in j)agc 332, the acid employed being the hydro- 
chloric, diluted with forty times its bulk of water. 

Scales of Fish. — These dermal appendages may be divided 
into two classes; first, tho^^e that are made up of a horny 
material, such as in the salmon and carp; and, secondly, 
those whose structure is tme hone. The scales of the majority 
of fishes belong to the first class, but very few species now 
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remain of the second class, almost all being extinct ; tlie Lopi- 
dosteus, or liony-pike, of North America, the Sturgeon, and 
Paddlc-fish, arc the most familiar examples. A knowledge 
of the form and structure of scales, like that of teeth, has, by 
the labours of M. Agassiz, been shown to afford an unerring 
indication of the particular class to which any fish may belong; 
in fossil fish, the application of this principle has been attended 
with extraordinary results. By Agassiz, the scales liave been 
divided into four orders, named Placoid^ Ganoid^ Ctenoid^ and 
Cycloid; in the first two, the scales arc more or less coated 
with enamel, w^hilst in the others they are of a horny nature. 
To the Placoid order belong the cartilaginous fishes, whoso 
skins are either entirely or partially covered with small prickly 
or flattened spines, as in the skates, dog-fish, and sliarks. Of 
the Ganoid order, once the most numerous, only a few living 
representatives, such as the Lepidosteus, Poly])tcrus, and 
Sturgeon remain; the others are found in the fossil state 
alone; their scales present a true bony structure. The 
Ctenoid s(;alcs are notched like the teeth of a comb on their 
[)Ostcrior or attached borders, the perch and basso are excellent 
examples; whilst to the Cycloid belong those fish whose scales 
are more or less laminated and circular— the majority of our 
edible fish, such as the carp, roach, salmon, herring, &c., 
afford familiar illustrations of this order. 'Hie mctJiod of 
mounting scales of various kinds for inicroscof)ic examination, 
is generally in the dry way, either on discs or between glasses; 
the former method is the best for those to he viewed as 
opaque objects, the latter for transpan'iit ones. Their struc- 
ture, however, is Ixjst seen in fluid, when many of them will 
form splendid objects for polarized light; for this purpose they 
may even be mounted in balsam. Fragments of fossil scales 
of fish arc best prepared in the latter way; these may 
generally be obtained from nodules of flint, found in particular 
localities. According to the author of the work entitled 
Microscopic Objects^ those from the gravel drifts at Gilling- 
ham, in Kent, and the flint nodules in the chalk between 
Gravesend and liochcstcr,” seldom fail, when broken into flat 
pieces, to yield an abundant supply. A few of the most 
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striking examples of the four orders will be found in the sub- 
joined list : — 


Plaeoid, 

Do«»-fisli, 
llay (spino), 

— (sliagroi'ii), 

Sliark, Scjualiis gali*iis, 

IIaiiiiiu‘r-li(\‘i(U‘<l, 

I'ort Jarksoii. 

Ctenoid. 

llasso, 

Pcrcli, 

Fiko — Barracuda, 

I'oiio, 

Wcavcr-fisli. 


Ganoid. 

llassar-fisli, 

Ijopidostcus, 

Polypterus, 

Si urgcoii. 

Cycloid, 

Bleniiy, 

Carp/ 
Coiigor-cel, 
Eel, comiuon, 
J lerring, 
Boacli, 
Salmon. 


The scales of the cel tribe are amongst the most remark- 
able that can be selected for microscopiij examination ; many 
persons consider that these fish are without scales, in conse- 
quence of their being firmly imbedded in a thick cpidernud 
mucus; in order, therefore, to procure them, a sharp knife 
must be passed underneath the epidermal layer, and a poilion 
of this raised in the same manner as was described for tearing 
off the cuticle of plants, after some trials a few will be 
detached; they arc of an oval figure, rather softer than 
the scales of other fishes, and in some parts of the skin do not 
form a continuous layer. ^Vhen the skin has been stripped 
off, previous to the fish being cooked, the scales may be 
obtained from the under surface, by tcai’ing them away cither 
with a knife or pair of forceps. The scales of the Viviparous 
lllenny arc of a circular figure, and situated under the 
epidermal layer; they have been described by Mr. Yarrell as 
mucous glands, in consequence of their figure and the small- 
ness of their numbers. The surface of the skin of this fish, 
when fresh, appears covered with follicles; if, however, a 
knife be passed imderneatli one of these, a delicate circular 
scale will be removed. A portion of the skin, when dried, 
will exhibit the scales to great advantage, and, like those of 
the cel, they form beautiful objects for polarized light. 
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I fairs , — Tlicsc are very readily obtained from all the lumber 
animals, their jwscncc may even be detected in the wbah^ 
tribe when young. The smaller kind of hairs may be mounted 
either dry or in fluid, when of a dark colour, Canada balsam 
is to be jn'eferred; to obtain a satisfactory view of the struc- 
ture of large hairs and spines, liorizontal and vertical sections 
should be made by the machine described at l)age 336. J de- 
vious to being mounted, the hairs should be perfectly cleaned, 
as more or less greasy matter is always present about them; 
ether should be employed as the cleansing fluid, the hairs 
being made dry by pressing them between folds of blotting- 
paper. Care should be taken to s(dect both tli(i Jiair and the 
wool from eacdi animal, as they differ materially in their 
vstructure, lh(‘> finer kind, or what is known as wool, being 
endued with the property termed /i*//////;, which property varies 
in different species of animals, that of the beaver and nutria 
])ossessing It in the highest degree. All hairs ai'c compos(M.I 
oi’ an aggregation of (ipithelium cells, and the colour depends 
upon the (piaiitity of pigment deposited in or about each cell; 
on this account, sonic of the most di'licato have biien used as 
test. ahjcrtHf specimens of which are figured in plate 6, and a 
description of each given in the chapter devoted to that 
subject. ITair is employed in most cases as a protective 
coating, in others as Jiii organ of touch, whilst in a still fewer 
number, when occurring In the shajic of spines, it serves the 
piirjiose of a weaiion of defence ; of this latter, the horn of the 
rhinoceros, the (juills of the porcupine, the sjiincs of the; 
Dlodons, arc familiar examples, they, like scales and feathers, 
being modifications of the dermal skeleton. The minute 
structure of the hairs of diflerent species of the same genus 
or family is so constant, that a practised eye can readily 
discriminate between them; several valuable papers on this 
subject have been published by iVlr. Busk, in vols. i. and ii. 
of Thr. Microscapic JournaL A list of many remarkable hairs 
of insects and Crustacea has alrcfidy been given at page 418. 
'Jlic following animals will exhibit the most characteristic 
specimens that can be obtained from the vertebrate classes: — 
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Ant-eater, 

Hut (various spoeies). 
Hut, IiHliaii, 

Bt*av(*r, 

Ilornioiise, 

Eeliidnu, 

Elopliant, 

Elk, 

Hare, 

Iledgeliog (spine), 


riiiinan, 

(fetal), 

Negi’o, 

iMole, 

Mouse, common, 

sliri*w, 

whit<*. 

Musk-deer, 

Kutrin, 

(Opossum, 


Ornithorhynelius, 

Otter, 

Poreiipino ((piill), 
Hiibbit, 

Rein-deer, 

Seal, 

Sfpiirrel, 

I'igtM* (whisker), 
AValrus (whisker). 
Water-rat. 


In juklltlon to the cnt iciihir jippontlaejes ubovo noticed, there 
jire others that, jilthou'^h not strictly helonginer to the series 
of liairs, an^, nevertheless, composed like them of a horny 
material ; in tills list may be included the various kinds of 
horns, hoofs, scales, quills, and whalebone; all these will 
retjuire to be cut into thin transverse and longitudinal sections 
by the machine ; the darker specimens sliould he mounted in 
balsam — the trtuisparcnt ones, dry ; they all exhibit more or 
less of a cellular structure, and arc objects of great beauty 
when examined under polarizc^d light : — 


Horn — An ((dope, 

Jliox, 

— Ox, 

— llhinocoros, African, 

— Indian, 

— Sheep. 

Hoof — Ass, 

— Camel, 

— Elephant, 

— 1 Torse, 

— Ox, 


Ho(f — Rhino(!erns, 

Shec‘p. 

Uni ll — C a ssow ary, 

— Dnek, 

Eajjlp, 

— Goose, 

— Turkey. • 
Whnlvhonr — Great whale, 
- — Piked whale. 
Scales — Pangolin, 

— Turtle. 


Shin . — In order to understand fully the parts wliieli hair 
and fcatliers play in the economy of vertebrate animals, it is 
necessary to become aetjuainted with the structure termed 
skin^ in wliich they grow- Their purpose, in the majority of 
cases, is evidently protective; Jn birds, however, many of the 
feathers, especially those of the wings and tail, are employed 
in flight, wiiilst the spines of the porcupine and hedgehog arc 
weapons of defence, and the whiskci s of the tiger, cat, and 
28 
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other Ciirnivora arc organs oF touch, and as such arc endued 
with both blood-vessels and nerves, which are distributed upon 
a highly organized pulp, like that of the tectli. In some 
animals, such as fish, the skin is not very vascular, whilst in 
the mammalia, and, perhaps, in the human subject, it attains 
tlic highest state of organization. The hairs which grow from 
the skin are developed from the cuticular layer, and are 
clothed with a horny epidermis; in those skins where the 
sense of touch is very acute, the hairs are absent, their place 
being supplied by highly vascular ])apilhe, wlii(.‘h, in some 
instances, are covered with horny matter, in the shape of nails 
and hoofs, or arc merely invested with a delicate ej)ithclial 
layer, as in the case of the lips and mouth. The skin 
performs a function in the animal economy second only in 
importance to that of the lungs, and for the purpose is 
supplied with a very rich capilLary net-work, and also provided 
with two or more sets of glands, one for scfcreting the i)erspi- 
ratory fluid, the other an unctuous or sebaceous matter, i*oi’ 
lubricating the skin itself, which last is poured out generally 
at the roots of the hairs, hence the anatomy of the skin 
presents to the inicroscopist an immense field for diligent 
investigation. Taking the Ininiaii skin as an example, w(^ 
should commence the study with vertical sections, made 
through parts supplied both with hair and papilliv; the iiersia- 
ratory glands arc best seen in that of the soles of the, f(*ct and 
palms of the liand ; tlie sebaceous glands, on the contrary, 
should be examined in parts ab()ut the face or chest, where 
hairs arc numerous ; these latter sections will also suffice for 
showing the roots of the hairs, and the hair follicles as well. 
The capillary net-work of the true skin may be seen in 
injected specimens when the cuticle has been removed, which 
will often require the aid of maceration for the puqiose ; if 
the skin be that of a black man, care sliould be taken in the 
removal of the cuticle, as in it may be examined the 
mucosum^ or last formed layciv which consists of a series of 
minute hexagonal cells, containing pigment. The same 
structure may be seen in the skins of animals whose hairs arc 
black; for this purpose the lips of a black kitten, when 
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injected, should be vselccted, tis in them the mode of growth oi* 
the young whiskers, their copious supply of blood-vessels jind 
nerves, and various other points of interest, may be observed. 
Ill fishes, the only parts of the skin generally prepared as 
microscopic objects are those more or less covered with scales, 
hence may be seen, in various lists of preparations, the skin of 
tlie sole and sliark ; in reptiles, also, we have the skin of the 
snake, boa, and some lizards, whilst in birds, except when 
injected, the skin offers but few points worthy of examination 
besides the feathers. In man and the higher mammalia, the 
complicated aj)[)aratus of glands and |)apilliearc best examined 
by vertical sections ; but in ord(»r to nmiler the skin sufficiently 
firm for the purpose, it should have been })revlonsly hardened 
in a saturated solution of carbonate of potash, or in strong 
nitric acid. The hair follicles and sebaecous glands are 
easily shown, but to display the sudoriferous glands is no easy 
matter, as rarely will a- sp<M*imeii of skin be found tliat will 
exhibit them and tlufir spiral duet in the whole of its eoiirsc 
through the dermal an<l epidermal layers ; it is by tar better 
to try the skins of a number of persons, and scle(*>t the one 
that shows them the best, than to waste time by rutting 
a s(a*ies of slices irom any one specimen. TIk^ papillic are 
best shown in the extremities of tlui fingers and toi^s, wlien 
injeeted ; the eutielc whiidi invests them should also be 
mounted up as an object with its attached or papillary surface 
uppermost, as in tliis the grooves for tlicir Jodgmclit, togetlua’ 
with the ojicnings of the sudoriferous glands, can be wiill seen. 
Tho following list will ineliuh‘, a few of the most important 
speeimeris : — 


Vertival Sections. 

Ass (coni), Man (axilla). 

Hear (sole of’ foot), Negro, 

( 'at (up])er lip). Tig, 

Dog (upper lip), — (snout), 

Ivitten (upper lip), — (ungual phal.anx), 

Alan (sole of foot). Porpoise (witli cuticle), 

— (palm of liaii(l), (witlioiif cuticle), 

- (scalp), Tiger (u])per lii»)- 

- (fare), (whi‘«kcr inicetcil), 

28 * 


Free Surface. 

Alan (lac<‘), 

— (lips), 

— (lips of finger), 

- (cuticle of finger), 
(Lack of finger), 

— (iiosn), 

Newt, 

(cuticle), 

Por]ioisc. 
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Eyes . — There arc many objects of great interest that may 
be obtained from the eyes of various animals, especially when 
injected ; amongst these may be enumerated the structure of 
the crystalline lens, the pigment, the eiliary processes, the 
retina, and the membrane of Jacob; but as the greater num- 
ber of specimens cannot be well preserved, so as to show their 
characteristic peculiarities, the present list will only include 
those Avhich do not alter by any of the different modes of 
mounting. The structure of the crystalline lens in fish is best 
seen after the lens itself has been hardened cither by drying, 
by boiling, or by long maceration in spirit; after having 
peeled off the outside, the more dense interior will be found 
to split up into concentric laminae, and each lamina will also 
be found to be composed of an aggregation of toothed fibres ; 
these arc best seen when mounted in fluid, but if dyed, they 
will show very Avell in balsam. The pigment is easily 
obtained by opening a fresh eye under water, it may then bo 
detached as a separate layer, and portions of it floated on 
glasses to dry, after which they may be mounted in balsam. 
The ciliary processes arc best seen when injected ; they should 
be mounted in a convenient form of cell, with fluid, and 
viewed as opaque objects, with a powder from thirty to 
forty diameters. The retina should be examined in a very 
fresh eye between glasses, and a little serum or aqueous 
humour added, to allow the parts to be well displayed ; but 
water must be avoided, as the nervous matter wdll be found to 
be considerably altered by it ; the membrane of Jacob will 
also require the same precautions to be adopted, but the 
vascular layer of the retina, when injected, may be well seen 
after having been dried. The following list will give the 
names of a few of the eyes from which the most striking speci- 
mens may be obtained : — 


Ciliary processes 

rystaUine Lens. 

Pigment. 

Retina. 

Cat, 

Cod, 

E(‘l, 

Eel, 

Dog, 

Eel, 

Frog, 

Frog, 

Horse, 

Herring, 

Horse, 

Horse, 

Ox, 

Gold-fisli, 

Man, 

Ox, 

Seal, 

Sole, 

Ox, 

Rabbit, 

Tiger. 

Turbot. 

Sheej). 

Sheep. 
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Muscular Fibre . — Thu mode of preparing this highly in- 
teresting tissue has already been given at page 360, it only 
remains in this place to add a list of the animals from which 
the most instructive preparations may be procured.* The 
capillary vessels of muscle, as stated at page 360, may be seen 
in the thin mus(;lcs of the eyes of birds and small mammalia, 
but they are best studied after injection : — 


Blow-flv, 

Cod, 

Fowl, 

Cricket^ 

Eel, 

Ostrleb, 

Dylieus, 

Salmon, 

Swallow, 

Lobster, 

Skate, 

Napu ^Iiisk Deer 

Shriuip, 

Frog, 

Elepliant, 

( )yst(‘r. 

Newt, 

Man, 

Snail, 

Siren, 


Tercibratulii, 

Snake, 

Whale. 


The above list includes only muscular fibres of the striped 
kind, or what are terjued voluntary, in contradistinction to 
others wliujh are unstriped or involuntary; amongst the latter 
class, however, arc generally inentioned tlie fibres of the 
heart of dilferent animals; although these have transverse 
striic, the organ itseli’, nevertheless, is an Involuntary one. 
The muscular coat of the entire alimentary canal, Avitli the 
exception of the up[)er part of the a^so])hagus, is wholly sup- 
plied with involuntary fibres, and from any part of the tract 
specimens may be tak(ui. The fibres, with the exceptions 
above noticed, differ from those of voluntary musede, in being 
much sjuallei*, and also in the absence of striie. The subjoined 
list will give the localities of both kinds : — 


vEs(*pliiigus, iippiM- ]mrt, 

iiiiiUUc, 

cardiiu; end, 

Stoniiicli, great end, 

P 3 ^ 1 orus, 

Duodeiiuin, 


tlouiu, 

Ciccuni, 

Ueirtuin, 

Heart, lluiiiaii, 

Ox, 

Turtle. 


Nearly allied to involunfary muscular fibre, is a fibrous 
tissue termed the yellow or clastic; this is often found in 
connection with another finer and less clastic, and called, from 
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its colour, the white fibrous tissue ; a mixture of the two is 
known to anatomists as the areolar tissue, and is largely used 
in tlie animal economy ; it fonns a support for all the vessels, 
iierv(;s, and muscles, from eitlua* of wliich it may be easily 
procured; the yellow tissue is found nearly in an isolated 
condition in the ligamcntiim nucluc of the necks of some 
animals, especially those of the ruminating tribe ; it also enters 
largely into the formation of tlie intervertebral discs; a 
])ortion of the ligament from the neck of the sheep or calf, 
even after boiling, will exhibit the elastic fibres exceedingly 
well ; they are of nearly uniform size, generally curled at 
tlieir extnanities, and of a yellowish colour. The following 
animals will show both these tissues to the best advantage : — 


ArcoUir tissnv. 
On f , 

iVIiUi, 

Slu'i'p, 


Ytdlow J^lastw tissue. 
l^ig. of Ciinillc, 

Ox, 

• — SIk'i'J), 
Uliii^s of tnu'lioa, Mnii, 
coal, of jirtorios. 


"Fhe <;lasti(; coat of arteries is composed of a tissue v(u*y 
like the yellow librous above descrllx^d ; it may be very easily 
jmx'iircul if an art<;ry be cut across ti'ansvcrsely, and tluj cen- 
tral or thickest part selected and separated into as fine libros 
as possible by means of tlie needle-points. li* any of tlie above 
tissues an? required to be kept, they should be mounted in 
fluid ; the spirit and water, or the creosote liquid, will be found 
to be the most useful for the purpose. 

Mucous Membrnuc . — (Joutiniious with the skin, or outer 
tegument of the body, is the membrane termed mucous, Avliicdi 
foj'iiis the investment of all the internal parts, as tlie skin 
does of all tlie external, and is even eontlnued through the 
duets of all glands, however complicated, that open upon any 
])art of the surface, "riiis lucinhmne has two surfaces, one 
live and superficial, the other attached or parencliymal ; the 
Ibriiier is (!overcd with a layer of particles or (iells termed 
epithelium, wliich, according to their situation, and to the 
office they perform, are divided into three varieties, the scaly. 
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tlie prisnijitio, and the 5?i)heroidal ; of these, the last two kinds 
arc soinethnos provided with vibratile cilia; the latter, or 
under surtiice, is supported ufion a siibniucoiis areolar tissue, 
in whicli both the blood-vessels and nerves ramify, but do not 
in any case enter the nincous membrane. Of all the valuable 
discoveries niadii by the microscope in minute anatomy, none 
can equal in importance that by which a true knowledge 
of the structure of the mucous membranes has been obtained, 
for thest very important results we are mainly indebted to the 
labours of Ilcnlc and Bowman; the latter gentleman has 
divided them into two parts, viz., the basement membrane and 
epithelium ; the name of haaammt membrane has been given 
to the tissue upon which the epithelium rests, and which 
forms the basis of the strength and cohesive jiower that 
mucous membrane possesses; in itself it is structureless, but 
of various degrees of thic'.kness in different parts, and either 
it or the epithelium is always present where mucous mem- 
brane may be said to exist. When the skin is compared 
accurately with mucous tissue, they will both be found to be 
parts of one expanded membrane, with certain modilications, 
according to the office which each is destined to perform; the 
ej)ithclium of skin is the cuticle or epidermis, but the base- 
ment membrane, though present, is not easily shown, except 
where the surface is raised into ])apillie, '^fhe mucous 
membrane, and its three kinds of epithelium, form by far the 
largest proportion of the jireparations which the amitomist 
will find necessary to examine, and the same, wJieii its 
capillary system is injected, becomes t)ne of the most beautiful 
of any of the classes of microscopic objec.ts. 

77ie FjpUhellum, as has been already slated, consists of thriic 
varieties, viz., the scaly, the prismatic, and the spheroidal. 
The first kind is s(?en most largely developed in tlu; skin, 
where it forms the cuticular layer; detached scales maybe 
obtained from the inner side of the mouth, or viewed in 
situ on the transparent web, of the frog’s foot; and the entire 
structure of horns, hairs, hoofs, feathers, and other cuticular 
ap[)cndagcs is made up of it. The prismatic, or, according 
to J-)r. Todd, the columnar, is abundant throughout tlic 
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stomach and intestines, and even the lungs; each prism is 
attached end-ways to the basement membrane, and is united 
to its fellows by the sides, so that they form a single layer, 
the thickness of which depends upon the length of each 2)rism; 
the attached extremity is generally pointed, the free one wide 
and flat ; this latter, in some parts, is provided with vibratile 
cilia ; the best situation for the examination of these is the 
villous surface of the small intestine of animals ; if the ciliary 
movement is desired to be viewed, the upper and bacR part of 
the Schneiderian membrane, or some portion of the respira- 
tory tract, may be selected, as in these spots the prisms are 
clothed with cilia, and may be observed in rapid movement 
some little time even after the death of the animal. The third 
variety, or is to be met with in all glandular 

structures; and so constant is its presence in them, that the 
name of ghindtdar has often been applied to it. The parts in 
which it may be readily examined are the tulxjs of the stomach 
and kidney; the secreting structure of the liver is also made 
up of it. In the two former situations, the basement mem- 
brane, upon which the epithelium rests, ctiii be veay well seen; 
but in the liver, where the cells are most abundant, it cannot 
be detected. 

The movement of the cilia was known to the old mierosco- 
pists, oven as far back as the days of Leeuwenhoek, and from 
that time ii}) to the present has always been viewed with 
wonder and' amazement; it was first discovered in the 
infusoria, and afterwards in some of the small molluscous 
animals ; in more mcxlern times it has been detected in all the 
higher classes, up to man himself. Those who would wish to 
obtain accurate inforinatiou upon the subject of cilia, should 
(jonsult the articles Cilia’" and ‘^Afucous Membrane,” in the 
Cgclopoidta of Auatoing and l^kyslolotjij. 

Mvtkod of Viewing the Ciliary Movement, — Tf the roof of the 
mouth of a living frog be scraped with the end of a scalpel, 
and the detached mucous matter, jilaccd on a glass slide, and 
examined with a power of two hundred diameters, the ciliated 
epithelium cells may be well seen ; when a munber of these 
are collected together, the movement is effected with apparent 
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regularity ; but in detached scales, it is often so violent, that 
the scale itself is whirled about in a similar manner to an 
animalcule provided with a locomotive apparatus of the same 
description, and has Irequeiitly been mistaken for such. The 
animals more commonly employed for the examination of the 
cilia are the oyster and the mussel, but the latter is generally 
preferred. 'Fo exhibit the movement to the best advantage, 
the following method must be adopted: — Open carefully the 
shells of one of these mollusks, spilling as little as possible ot 
the contained fluid; then, with a pair of line scissors, remove 
a small portion of oiKi of the gills (braiiehiie), lay this on a 
slide or the tablet of an animalcule cage, and add to it a drop 
or two of the fluid from the shell, and, by means of the 
needle-points, sejiarate the filaments one from the other, cover 
it lightly with a thin piece of glass, and it is ready for exami- 
nation. The cilia may then be seen in several rows beating 
and lashing the water, and producing an infinity ot currents 
in it. If fresh wat(ir, instead of that from the shell, be added, 
the movcnuait will speedily stop, hence lh(5 ni cessity of tiu. 
caution of preserving the liquid contained in tlui shell, lo 
observe the action of any one of the cilia, and its foi‘m and struc- 
ture, some hours should be allowed to elapse alter the prepara- 
tion of the filaments above given, the movement then will have 
become sluggish ; if a power ot four hundred linear be used, 
and that part of the cilia attached to the (q/ithelium scale 
carefully watclujd, each one will be found to revdlve a ([uai ter 
of a circle, whereby a ‘‘feathering movement” is efK*(*tcd,* 
and a current in one direction constantly produced. In the 
higher animals, the action ol the cilia can only be obscivcnl a 
short time after ileath. In a nasal polyi>urf, when situated at 
the upiicr and back iiart of the 8chiuaderian membrane, the 
cilia may be beautifully seen in rapid action some few hour:, 
after its removal; but in the respiratory and other tracts 
v/herc ciliated epithermm is found, it would be almost 
impossible ever to see it in action, unless the body were 
opened immediately after death. In -ome animals, it may be 
* See a paper hy the author, in vol. ii. of Transactions of the 
M icroscopical ISoci ety . 
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seen in the interior of the kidney, as was first discovered by 
Mr. J3owinan, in the expanded extremity of a tubule 
surrounding the jdexus of blood-vessels forming the so-called 
Malpighian body; in order to exhibit the ciliary action, the 
kidney is to have a few very thin slices cut from it, and these 
ai*e to be moisteiK^d with the serum of the blood of the same 
animal, tlu^ vascular and secreting portions of the organ may 
then be seen with a power of two hundred diameters, and also 
the cilia in tluj expanded extremity of each tube, as it passes 
over to surround the vessels; the epithelium of the tubes 
themselves is of the spheroidal or glandular character. Since 
Mr. Bowman’s discovery, the phenomenon has been witnessed 
in other animals in the same situation. 

The. Basement Mernhianr, as before described, is structure- 
less, and not sujiplied in any way with vessels ; the best phices 
for viewing it are the tubes of the kidney and stomatdi, 
and the villi of the small intestine ; in the skin and other 
smooth surfiices, its presence cannot be so {satisfactorily made 
out. The examination of mucous surfaces and glands, 
although conducted Avith great care by some of the earliest 
inicroscof)lsts, did not much advance the knowledge of their 
minute structure, as the instruments cmi)!oyed for the ])urpose 
were not suited for v(ay accurate or minute investigation. 
The priuci[)al point arrived at by them Avas tlie arrangement 
of the capillaries, and as long ago as 1736 the art of injecting 
the minute blood-vessels, which Avas discoA^ered by i)e Graaf 
in the year 1688, had beeu brought to siadi a high state of 
perfection by Kuysch and Ijieberkuhn, that the fame of 
tluilr productions already extended throughout Buropc : but 
however much auatoiiiists had made out by rough diwsscction 
aiul macici-ation, it might be said Avith truth, that nothing 
beyond the arrangement of the vessels Avas satisfactorily 
known until the time of Boehm, Boyd, and Henle ; to the 
latter distinguished anatomist we are chiefly indebted for our 
knoAvledge of tlic structure knoAvn as epithelium. ,By ncAV 
modes of examination and dissection, as well as by submitting 
A cry thin vorticial and other sections to the high poAvers of the 
achromatic compound microscope, has our present accurate 
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uiKlerstiindiiig ol’ the structure of mucous membrsiucs jiiid 
glands been obtained. I'lie methods to be adopted for the 
examination of mucous membranes in general by the micro- 
scope will liere be given. 

Method of Examinbtfj the Surface of ]\lucom Meynhranes , — 
Supposing, lor example, tlie specimen to be examined be a 
portion of the mucous membrane of the stomach of an animal 
rei'.cntly killed, the surliutc will be found to 1)c covered over 
by a thick layer of more or less viscid mucus ; this should bo 
got rid of by as gentle means as possible ; the best ])lan, on 
the whole, perhaps, Is that of allowing a small stream of water 
to flow on it ; or, if the specimen be small, it may be ])iniu^d 
out upon one of the loaded corks deseiabed at page .‘loO, and 
well washed by means of the small syj*inge also described at 
page 3/51 ; if the e[)itheliuni be recpiirc^d for (examination, a 
small portion of it may be detachcid from the surface by a 
sealp(J, placed (3n a glass slid(‘, and viewed as a transparent 
obje(;t with a power of two hundred diameters. But if th(‘ 
mucous membrane its(df be re([uired to be exainnied, it should 
be done under water, the specimen bciing pinned out on a 
loaded <X)rk, and jdaccKl in a tin trough with a suflicient 
(quantity of that fluid to cover its entire surface ; if Jieeessar}", 
the light of an argand lamp may be Cfuidensed upon it ; the 
microscope to be employed for the examintition may be one oi* 
the kinds shown by figs. 32 and 37 ; and if the trough be too 
large to be admitted u])on the stage of an ordiiiafy comj)ound 
instruiiKnit, that re])resented by fig. 237 will be found the 
most convenient ; this method of examination will answ(;r for 
speciiuens either inject(id or not, and should be the oiui first 
adopted. In order to obtain a correct idea of the external 
surface, sections, both horizontal and vertical, should ai'ter- 
wards be taken and submitted to high [)Owers, and when the 
membrane cannot be well cut into thin slices, it may be 
separated by the needles, or by moderate pressure in the 
coniprcsst)rium. llie jdan, of separation by ne»'dles will 
succccmI very well when the tubular portion of the stomach is 
very thierk, as in the case of tin* [Xirpoisc; many tubes may 
then be detached that could not have been so easily separated 
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by thin sections made with the scalpel. The above described 
method of examining a mucous membrane, although applied 
to the stomach, will be found to answer equally well for that 
of all other parts, not only of the alimentary canal, but all 
tracts exccj)t those in which the epithelium is so abundant, as 
to form a perfect layer of cuticle ; in all these latter cases, it 
must be needless to mention, that in order to examine the 
mucous surface, the layer of cuticle must have first been 
removed; this cannot often be done in the fresh state, 
the operation of maceration must then be had recourse to for 
the purpose. If the surface be villous, and have been kept 
ill spirit for some time, it should be pinned out and well 
washed, either by a stream of water, allovvijd to run on it, or 
by a syringe ; if the preparation be then allowed to remain in 
water for a short time, all the villi will lloat up, and their 
sliajxj be ascertained. In modern times the art of injection, 
whicli, in this country, had for a long period been neglected, 
began to be again revived, with the employment of the 
achromatic^ microscope ; and, by its agemey, within the last 
few years, numerous most interesting disc^overies have been 
madc^, cspc^cially since the invention of thin glass, and the 
mounting of objects in cjclls as first jn-acllsed by Air. (Joadby, 
have been adopted. The different methods of injecting will 
be given in a subsequent work, in this ])lace it will be merely 
necessary to enumerate some of the objects of the greatest 
interest that'nmy be selected from the mucous membranes, 
cither injec^ted or not, that may serve as a guide to the under- 
standing of the difierent elements of whicli it is croniposed. 
In addition to the names of preparers of mieroseoplc olijec'As 
mentioned at page 399, the author would beg here to intro- 
duce that of IMr. Hett, of No. 24, Bridge Street, Soutliwark, 
whose preparations in this department are so well and 
deservedly known. 


Mjnthelhirn. 

Scaly — Skill of Newt, 

— Web of Frog’s foot, 
— Mesentery, Babbit, 


Scaly — Mesentery^. Mouse, 
— Mouth, Human, 

— Cuticle, 

— Cornea of eye. 
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Kpithelhim. 

1'rismn.tio- — Villi ofsm.'ill iutostlnc, 

Gall l)laild(*r, 

Septum nasi, 

Spheroidal — Tubiili of Kidney, Dop:, 

Alan, 

Stomach, Dog, 

Porpoise, 

1/ivor, Atan, 

I'iS, 


BaJienwnt M ?.m hrniip. 
Tiibnli of Stomach, Dog, 

Poryxnse, 


Sndorifcrons duct, Alan, 
Tiibnli of ’’.restis, Guinea-pig. 

Ciliated K pith el turn. 
Frog's month, 

1 n fi isori a — li e u C( )ph ry s, 

• Rotifer, 

Polyps, 

Rranchia* — Oyster, 

Aliissel, 

Rack: })art of Nose, 
RroiK'hial tubes, 

Yentrieles (»f Rrain, 

'rubiili of Kidney. 


(.rall-hlmlder. 

jSrueovs Membrane. 

Aloiise, 

Human, 

Bear, 

Newt, 

Otter, 

Cat, 

Ospnw, 

Porjioise, 

Human, 

Ostri<*li, 

Rabbit, 

Kangaroo, 

Pheasant, 

Rat, 

Ox, 

I’ig, 

She(‘p. 

She('p. 

Pigeon, 



Rabbit, 


Tntestive. 

Rat, 

Adtler, 

Alligatoi*, 

Rhinoceros, 

Rf)a Const 

Adder, 

Rook, 

Baboon, 

Adjutant, 

S1u»(?p, 

Bear, 

Boa Constrictor, 

Snake, 

Cal, 

Cassc^wary, 

Toad, 

Dog, 

Cat, 

Tortoise, 

Dol])hin, 

Cod, 

Turtle. 

Duck, 

Crocodile, 


' Eel, 

Dog, 

Kidney, 

Fowl (doni 

Duck, 

Alligator, 

Frog, 

Eel, 

Bear, 

Golden Ka 


Fowl (domestic), 
Frog, 

Goose, 

Guinea-pig, 

Iledge.-hog, 

Horse, 

lIiiTiiaii, 


fcctal, 


Lizard, 


Boa Constrictor, 
Cassowary, 

Cat, 

J)ol]>hin, 

Fowi, 

F rog, 

ITedge-hog, 

Horse, 


(Ininea-pig, 

I Itslge-hog, 
Horse, 

Human, adult, 

faital. 

Ichneumon, 

Kangaroo, 

Kitten, 

Mouse, 
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Monkey, 

Fowl, 

Stomnrh. 

Pheasant, 

Fro«?, 

Hoa Const rietov 

(Xstricli, 

(Jiiinea-pig, 

(\at, 

Pipr(?on, 

Osprey, 

Do't, 

Puppy, 

IVjrpoise, 

Eel, 


llabbit, 

Fro«r, 

Salmon, 

Kat, 

(ruinea-pio', 

Sheep, 

Sheep, 

TFedge-ho;?, 

Toad, 

Wolf-fish. 

Unman, adidl. 

'Portoi.se, 


facial. 

'^rnrtle. 

Oridnet. 

Newt, 


Frojr, 


Livor. 

h\)wl (doinesti(‘). 

Porpoise, 

Iloa-Consti’ietor, 

Ph(‘asanl., 

Kat, 

Cat, 

Snake, 

Slier]), 


Toad, 

Snake, 

Kcl. 

Tortoise. 

Toi*loise. 


Since the discovery of epitluiliiiui upon mucous membranes, 
the saiiKj thini>* has been found u[)oii serous and synovial 
niombraiies, which are supposed now to bo only pcjculiar 
modifications of tlie former ; the layer is a single one, and is 
best seen in the mesentery of small animals, and in the 
synovial fringes of joints. These synovial fringes, when 
injected, are remarkably beautiful objects ; by some persons 
they have been looked on as small masses of liit, but on 
microscopic examination, the notion of llanr being of a. 
glandular nature, as Avas described by some of the older 
anatomists, will be found to be correct. To examine the 
epithelium from thesii parts, the mesentery of a small animal, 
such as a mouse, guinea-pig, or rabbit, should be taken as 
soon after death as possible ; the epithelium may be best seen 
on the parts that arc slightly folded, with a power of two 
hundred diameters. 

la addition to the membranes last described, the arrange- 
ment of the capillaries in certain of the elementary tissues 
will also form very beautiful objects for examination. The 
following is a list of the most important : — 


Art'olar Tissue, llum^n, 

Areolar Tissue, Fowl, 

Horse, 

Ostrich, 

Hat, 

1 

1 

1 
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Miisdo, Frojr, 

Enamel jMembrane, Human, 

Fig, 

Adi])ose 'Fissue, (bit. 

Human, 

Dog, 

M iisk-(Jner, 

Human, adult. 

Mouse, 

fadal, 

Newt, 

Kook, 

Snake, 

— — Pigeon, 

Pigi'nll, 

Nerve, Huinan, 

7V*ri(hiii, Cat, 

PikS 

Fi-ok, 

Killtai, 

Ostrieli, 

Nervous matter. 

Pigeon, 

wliile, Human, 

Snake, 

- Ivitten, 

Human, 

Human, 

Cartilage ^Viiriele, niiman, 

Kitten, 

Jlabbil, 

Eye (Choroid), (bat. 

Canilag(‘, Uil), Human, adult, 

— - Etd, 

fmtal. 

l^\>wl, 

C^arlilage, Articadar, Human, 

Human, 

— I’w 

Ostrich, 

— Cuk; 

Slie(‘i>, • 

Periosteum, Hiuriaii, 

— Post.r. Capsnh? of* bens, Kitton, 

Pi.i?, 

Ibg, 

Hone, Calf, 

I’lllUM, 

Lamb, 

— Membrami Pupillans, Kitten, 

Siicking-[)ig, 

Human lief us. 

J*ul|) or'l\)otli, ILiniau, 

— riij)|n, 

Killeii, 

— (.^ornea, 

I'ig, 

Cat, 

Ciilf, 

Dog, 

Enamel JMembrain;, Pig, 

Kitten. 


Objects for Polarized Lujiht — The application of tlici polar- 
izing apparatus to the compound microscope was first made 
by Henry Fox Talbot, Esq., since whicli it has been much 
employed by Sir David Brewster, Sir John Hcrschcll, and 
other great authoriti(.‘s ; and as it now ibrms so imptjrtant an 
instrument for the determination of the slightest differences 
of density in the most delicate structures, its use to the 
anatomist and chemist is indispensable ; hut for those who may 
only wish to know the kiiiHs of obje<!ts that show the richest 
tints of colour when viewed by pdarized light, the follow- 
ing is a list of such as are usually sold by the preparers of 
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microscojiic objects for this purpose. Many of the subjects 
contained therein, it will be noticed, have already been given 
under different heads ; but, notwithstanding this, it has been 
deemed the best plan to repeat them, that they may all be 
arranged as objects for the polarizing microscope. They are 
here, however, for the sake of convenience, divided into three 
classes, viz., the animal, vegetable, and mineral : — 


A ninud. 

T5one of Cnttlo-Cisli, 

Fibres of’ Spon«:o, 

Hoof of Ass, 

Camel, 

Horse, 

On, 

Slicep, 

Horn of AfricMn Mhinocoros, 

tr.‘i ns verse section, 

vorlicnl section, 

Indian lllnnoccros, 

Antelope, 

Ox, 



Quill of l*orcu])ine, 

Febidua, 

(!ondor. 

Tendon, Human, 

Ostricli, 

Grey Human Umr, 

Raw Silk, 

Scale of Eel, 

Sole, 

Skin, Elephant, 

— Crocodile, 

— Unman, 

— Rhinoceros, 

Spicules of Gorgonia, 

Whalebone, 

Palate of Wliclk, 

Limpet, 

Nassa, 

I’aludina, ^ 

Cyclostoma, 


Wing cases of Beetles, Animal 

matter of. 

Vrgotfddc. 

Starch, Potato, 

Arrowroot, 

Custard-powder, 

Indiau-eorn, 

Tons les Mois, 

(* un-col Ion, 

Hairs from Leaf of Deiitzia, 

Khcagnus, 

Olive, 

Raw Cot toil, 

— Flax, 

Siliceous Cuticle Bamhoo, 

10{piisetum, 

— — Uiee,, 

Wheat 

J\ThiernL 

Agate, 

Jirighton Pebble, 

Crystals of Acid ate of Copper, 

Bicliromatt^ of Potash, 

Borax, 

Boraeic Acid, 

Borate of Ammonia, 

J5orax & Phosphoric Acad, 

— • — Carbon all', of Lime, 

Cdiromate. of Potash, 

Chlorat(i of Potash, 

Cliolesterine, 

Citric Acid, 

Epsom Salts, 
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inch thick, and of sufficient radius to suit the length of an 
ordinary compound body, the curved edge is gra<luated into 
180«; upon the flat surface of the seniicircle a strip of wood or 
index, an inch or more in breadth, is made to turn upon a pin, 
Jis seen in the figure ; on the upper surlacc of this index two 
crutches are fastened to receive a compound body, provided 
with an cye-jjiccc of the usual Huyghcnian construction ; the 
object-glass, whose angle of aperture is about to l)e measured, 
is screwed to the opposite end of the body to that of the eye- 
piece, as in the ordinary compound microscopes. The method 
of using this instrument is the same as that of the microscope 
described by Mr. Lister ; a caudle is placed a few yards off, 
and the instrument is so arranged tliat when the index ])oints 
to zero the field of view should be vertically bivsec.ted; if now 
the index be turned so far that the opposite half of the field is 
illuminated, the number of degrees passed over will give the 
measurement of the angle of aperture of the object-glass 
rccpiired. 

In the early days of achromatic c.ombinatioiis, the angle ot 
aperture was small, and it is very interesting to observe how 
steadily our first-rate opticians have b(‘en progressing towards 
the utmost limit of (Mniccivable i)erfection. As the subject is 
so important, the author has thought proper to introduC(i in 
this place an account of the progress Mr. lloss has made in 
transmitting angular pencils in object-glasses of different foci 
since the year 1832, for which valuable information he is 
indebted to Mr. Ivoss himself, who has kept an accurate 
account of the same. the year 1832 he made for U. 11. 

Solly, Es(p, an object-glass, consisting of two double acliro- 
matic combinations, which was of an inch focus, and transmitted 
a }>cncil of In 1833 lie constructed triples after the i)lan 
of Tulley, having an angular aperture ol 18‘\ In 1834 he 
made an object-glass of one-fourth of an inch focus, which 
transmitted an angular pencil of 55”; this glass is now in the 
author’s possession. In the beginning ol the year 1836 he 
constructed a triple in -h glass, witli au angular apei'turc of 
15”, with cemented surfaces; and towards the end of the same 
year he made glasses of one-eighth and onc-tenth of an inch 
30 
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focal length, wliicli transmitted angular jxmcils of 6(F and 72‘>. 
About this time, in conjunction with Mr. Lister, he con- 
structed an inch object-glass of two combinations, tlic form of* 
the front lens being suggested by Mr. Lister himself; this 
glass was capable of transmitting an angular pencil of 22*\ 
At this time he also constructed one-eighths, the front glasses 
of which were also of the form suggested by Mr. Lister; 
these had an aperture of 63® and 64®; he continued making 
these last until the year 1842, when he increased the angle of 
aperture of the half-inch to 44®, of tlic quarter to 63®, and the 
oue-eightli to 74®. In the year 1844 Professor Amici visited 
this country, and brought with him an object-glass of one- 
seventh of an incli focal length, with an aperture of 112®; tliis 
combination was in part composed of Dr. Faraday’s dense glass. 
Mr. Koss copied Amici’s construction; but found the dense 
glass so exceedingly soft and fragile, as to render it unfit to 
receive the high polish so essential to tlic cornjct performance 
of any object-glass : he also noticed that Amici’s glasses were 
much tarnished; he then devised a new construction, whereby, 
with the ordinary dense glass, he obtained an aperture for 
pencils in the one-eighth of 85®, and in onc-tw(Jfth ns high as 
135®, the largest angular pencil that can bci passed through a 
microscopic object-glass.” As now eonstriKited, the angular 
apertures, with the greatest separating magnifying power oi‘ 
object-glasses of different focal lengths, arc represented in the 
following table:— 


Focal length. 

Greatest separating mag. 
power. 

Angular aperture. 

i Extreme space 

I separated. 

2 inches, 

40 diameters, 

12^ dgs. 

. ___ 

j 20,'^ Xl 

1 „ 

100 

99 

22 

99 

1 

.".'i.iMN) 


300 

99 

43 

99 

1 

6.5,000 

h ’’ 

500 

99 

63 

55 

10U.O(K) ‘ 

H 55 

650 

99 

80 

99 

1 

120,000 1 

1 

” 

720 

99 

120 

99 

155.000 


The test objects now generally employed for ascertaining] 
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the merits of any achromatic combination may be divided into 
three kinds ; viz., hairs of* animals, scales from the win^s and 
bodies of insects, and tlic siliceous coatings of recent and fossil 
infusoria, those of the latter kind being tlic most difficult of all 
to define. Ihc following list conttilns some of those that Mr. 
Topping and others are in the habit of furnishing to their cus- 
tomers as test objects, they being covered with the thinnest 
glass, in order that object-glasses of the highest power may 
be employed upon them : — 

Hairs. 

Bat, 

J^arva of Dermestos, 

Molo, 

Mouse, 

Babbit, 

Squirrel. 

Scales. 

Azure blue, ar<j;i<»bH, 

V. argus, 

Bentia brassicja, 

\'ji,iiessa Jo, 

ISlorplio M<‘nolau.s, 

A 1 ucitii pentadaetyla , 

Catocala inipta, 


Tinea vesliauclla, 

].ie])isina s:u‘cliariiia, 

Podura jduinbea, 

aqu alien, 

1 lip])arebia janira, 

Pblllii;d (iriiat. 

Infusoria. 

N avinila hippocampus, 

Spenreii, 

angulata (Tlumber), 

( Jrammatopbora (America), 
'fripoli from Krildu‘Iberg. 


Muscular fibre. 


From this list the author has selected a certain number ol' 
each class, and highly magnified rej)resentation&' of them ar(» 
given in plates vL, vii., vlii-, and ix., whi<di may be looked upon 
as the finest engraved specimens of these minute structunjs that 
have yet been executed, and reflect the greatest credit both 
on the artist and the engraver, the original drawings having 
been accurately traced with Mr. Ijconard’s w(dl-known skill 
by means of the Camera JLucida apjilicd to the microscope, 
the power employed with some of them being as high as 2,000 
diameters. 

Bnfs Jlair . — Tliis bc^aiitiful structure, represented by A, 
figs. I, 2, and 3, plate vi., is obtained from a species of bat in- 
habiting some parts of India; it is remarkable as presenting a 
scries of scale-like projections, arranged in the form of a whorl 
30 * 
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around the central part or shaft ; these arc least numerous at 
the base of tlie hair, as shown at fig. 2, but gradually increase 
in number and size towards the apex, as seen in fig. 1, near 
whicli they are very abundant, but do not project so far 
beyond the sliaft; tliis may readily be seen by contrasting 
fig. 3 with fig. 1. In some hairs the succession of whorls 
resembles very much a scries of conical bags placed one within 
the other; the principal parts of the hair that form a test of 
the defining power of a lialf-inch object-glass, are the delicate 
points that surround the upper edge of each whorl; these, 
with a well-constructed combination, should be shown exceed- 
ingly sharp, and the whorls themselves made to stand boldly 
out from the shaft ; in some of the small species of English 
bats, the whorls arc arranged in a spiral form; but in this 
specimen tlierc is plainly no such disposition. 

Mouse llair , — Hie hair of this common little animal differs 
materially both in structure and in size from that of the bat 
above noticed ; at 15, in plate vi., arc shown four parts of' a 
large dark hair, whilst at 1), in the same plate, corresponding 
portions have been sclc(^tcd from a small flat hair. At 15 1 is 
shown the base of one of the large hairs, on which are certain 
markings, whilst in 2 and 3 the internal structure is seen to 
be cellular, there being three or more cells in each row, the 
colour of the hair depending upon the greater or less amount 
of the black pigment contained in the cells. When viewed 
with a powevr of 100 or 200 diameters, all the light parts 
should be shown distinctly from the dark, and the line of sei)a- 
ration of the tvro correctly defined. The apex of the large 
hair is seen at 4 ; it is of very small size as compared with the 
central portion, and exhibits no trace of cell in its interior. 

At D arc shown four parts of one of the small flat haiivs 
from the same animal ; the structure of the base and apex, as 
seen at 1 and 4, is similar to that of the larger hair; but the 
internal striu^tiire of the intcjrmediatc portions, as exhibited at 
2 and 3, is very different; in 3, the dark cells extend entirely 
across the hair, and arc arranged at equal distances, whilst at 
2 a rudimentary form of cell, containing a small (quantity of 
pigment, Is seen to occupy the central portion of the shaft. 
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Tlie figures represented by li :ind 1) were drawn by a mag- 
nifying power of 500 diameters ; but as a test of the defining 
power of a balf-ineb object-glass they should be chiefly 
employed. When viewed as an opacjuc ohject, this liair is 
very beautiful, tlie dark parts will then aj)pear very niueh 
more light than tliosc that arc transparent, and the structure 
will be imagined to be quite the opposite of that seen by 
transmitted light. 

Hair of the Derniestes , — This very reintirkablc hair is ob- 
tained from the larva of a small beetle, commonly met with in 
bacon and hams and other dried animal substancics; it is 
covered over witli brownish hairs, the longest specimens of 
whicli should be selected. When one of these is vicw(‘.d ^Yith 
a magnifying power of 200 diameters, the upper part pn hcnts 
the appearance shown iit C 1, and may be said to consist of a 
shaft and (jxpanded extremity or head ; the shaft, like that of 
the hairs of some other larvie, is covered with whorls of large 
close-set spines four or live in number in each .vliorl; theso^ 
arc closely arranged one above the other, as seen at 2 ; the 
upj)er part of the shaft, near the head, is provided with several 
larger and more obtuse spines, forming a knob above this, as 
seen in 1 and 3 ; the shaft is naked for a very short (listance ; 
it then becomes invested with six or seven large filaments or 
spines, which are pointed at their distal extremities, and pro- 
vided with a small protuberance at their proximal ends, wheiv, 
by slight pressure, they may be separated one I'rcnn the otlu;r, 
as seen at 3, or th(;y may sonu times be detached at the ajiex, 
as seen at 1. In the early days of testing microscoj)(\s, these 
hairs were found rather difficult of definition, and no one 
would imagine that fig. 20, in JSIr. Pritchard’s twelfth })late, 
before quoted, was of the same nature as C 1, 2,43, in plate vi. 
of the present work. This very beautifid iiair now forms a 
good test of the defining power of a half-inch object-glass. 

We next come to a class of objects much more difficult to 
cxlnbit riian any of the preceding; these will form excellent 
tests of the good qualities of the (piarter and one-eighth of 
an inch object-glasses, and consist of scales rcmoveil eitlici* 
from the wings or the body of insects. 
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Hipparchia Janira (Comiiion meadow brown butterfly. — 
Tins test wiis first shown in this country by Amici, in 1844, 
by his object-glass of large angular aperture, before described 
at i)agc 4()(). Fig. 1, plate vii., exhibits one of these scales 
magnified 500 diameters ; on it may be seen longitudinal strije, 
with a iiimiber of brown spots of irregular shape; when the 
magnifying power is increased to 1,200 diameters, the brown 
cells are made more evident; but the striae arc, in a great 
measure, obscured by them, as shown in plate vlii., fig. 7. 

Poutia Brassica (Common cabbage butterfly). — This scale, 
like that of the II. janira above noticed, is provided at its free 
extremity with a brush-like apjiendagc ; when magnified 500 
diameters, it presents the appearance shown by plate vii., fig. 2 ; 
the striae scuiii on it are longitudinal,* which, with this power, 
appear to be compos(id of rows of little scpiares or beads ; 
when a power of 1,200 is employed ii[>oii them, the striae have 
between them elongated dots or cells, probably of pigmamt. 
Fig. 5, plate viii., represents a portion of fig. 2 magnified 
1,200 diaimcters; and fig. 6, in ])late viii., a portion of one 
of the coairse scades from the same insect viewed under similar 
circumstaiKios. 

Polt/ojjimatus Atv/lohts (Azure blue). — One of the delicate 
scailes from this bcaiutiful insect is shown at fig. ."1, plaitc vii., 
magnified 500 diameters ; it exhibits under this power both 
longitudinail and trainsverse stria), the laittcr being much more 
delicate and •ilitficult to detect thain the former. This scale 
forms ax very gootl test of the defining power of a quarter of' 
an inch object-glaiss. 

Scales of Podura ( Common springtail). — The body and legs 
of these tiny creatures arc covered with scales of great deli- 
cacy ; aiccording to Mr. Pritchard,* their vadue ais test objects, 
for the high powers of the microscope, was discovered by the 
hxte Mr. Thomas Carpenter, of Tottenham, whilst maiking 
some experiments xvith a 2 >laino-convcx jewel lens, adapted 
ais an object-glass to a microsco 2 )e, 2 >rovided with a Iluyghc- 
nian cye- 2 )iccc; since his time they have been emtdoyed, 
even U2) to the present period, as tests for the higher powers ; 

* Microscopic CabuuL, p. 150. 
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but many persons now use specimens of infusoria of the 
i^enus Jsavicula for the same purpose. Two of the scales 
from the body are rej^resented by figs. 4 and 5, as seen under 
a magnifying power of 500 diametei's ; that sliown at fig. 4 is 
ouc of the largest that could be procured ; whilst that at fig. 

5 is very small, and its markings exceedingly delicate. The 
surface of each appears covered with immense numbers of 
delicate wedge-shaped dots or scales, arranged so as to form 
both longitudinal and transverse wavy markings ; but when a 
portion of fig. 4 is magnified 1,250 diameters, it presents the 
appearance shown at fig. 4a ; the scales may then be seen to 
stand out boldly from tlic suffiiec ; at the up[)er part of the 
specimen they also project beyond the edge. It would appear 
from Mr. Pritchard’s figure, that at the time of the publication 
of the work above quoted, nothing but longitudinal and ob- 
lique lines could be made out, the powers then employed not 
being able to scjparate the longitudinal ones into a number of 
very minute elongated dots or scales, and the transverse one ’ 
into rows of the same, arranged somewhat in a wavy manner, 
llie smaller s(^le, fig. 5, is very much more difficult to exhibit 
than the larger one, and forms a good test of the ilefining 
]>ower of a ouc-twelfth or one-sixtecaitli ; the markings arc ol* 
precisely the same nature as those of the larger scale, but arc 
muci* more difficult to bring out. 

These insects abound in damp cellars, wlierc they may be 
seen running or skipping upon the widls. Mr. I'ritcliard 
recommends the following method of collecting them, viz.: — 
“ "1 o sprinkle a little oatmeal or flour on a j)iece of black 
paper, and lay it near tlieir haunts; after a short time 
the paper may be removed and carefully placed in a glazed 
bason, so that when they leap from the paper, on being 
brought into the light, tlicy may fall into the bason, and thus 
sei)arato themselves from the bait, 'rhey shoidd be cautiously 
handled, and placed either in little tubes or boxes, with cani- 
phor to^preserve tlicjii from the ravages of other insects.* 

* It is said that tlic Frt ucli optu-iaiis i.*nq)luy as a tost the scales of a 
species of L'odiira, named Vctrohins manlimm^ which U very abundsmi »)u 
die sea-coast; the markings on these scales are very strong and easily 
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Scales of hepisma Saccharina, — These are so easily made 
out by the lowest powers, that they can hardly be called 
by the name of* tests, li'igs. 8 and 9, in plate ix., represent 
two of tlie scales magnified 500 diameters ; the longitudinal 
striie ajjpear to stand out in bold relief^ like the ribs on a sJicll ; 
tliey are smallest at the lower part of the scale, and increase 
in breadth, and become more prominent as they proceed to- 
wards the outer margin ; a good glass should define well the 
contrast between the striie and the interspaces. 

Scales from the Gnafs PVing. — Two of these are represented 
by figs. 1 and 2, in plate viii.; when magnified 500 diameters, 
they exhibit very bold longitud&ial bands or striie, which pro- 
ject beyond the end in the form of spines; in the membrane, 
between the longitudinal stria;, there is sometimes an appear- 
ance like the watering of silk; if one of these scales be viewed 
with a of 90^’ aperture, numerous striie will be seen ; but if 
on the same scale one of 130^ be employed, half of the lines 
will disappear, which proves that the first effect was due to 
interference. 

IlattkilooT Scale of Polyommatus Aryiolus (A/^nre blue). — 
One of these elegant scales is represented at fig. 3, plate viii., 
as seen under a magnifying power of 500 diameters; when 
badly defined, its surlacc appears covered with coarse longi- 
tudinal striie ; but under a good object-glass, tlie striie are in- 
terrupted by small rings having a hair-like projection from the 
centre of each*; the rings arc at some little distance apart, and 
are joined together by minute longitudinal striie; in the lower 
])art of the scale there is a curved band with its (convexity to- 
wards the point of attachment of the scale, which consists en- 
tirely of minute black dots of pigment ; the strijc between this 
band, and what may be termed the <iuill of the feather, are not 
interrupted by rings, but consist of continuous lines, having 
black dots upon them. A good defining power should show 
the dots in the rings and the connecting striic between each 
very distinctly. 

made out by second-rate iiistrunienls, hence sonic caution is iiccessar\ 
that ])ropcr sluIcs be selected lor cxaininatiun, the best of all being those 
of the kind shown bv li;r. 5. 
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Scale of Morpho Menelaus. — A sqjile of this splendid butter- 
dy is sliovvn iit fig. 4, plate viiL, magnified 500 diameters ; it 
exhibits strongly marked longitudinal and very delicate trans- 
verse striie, the former frccpiently bifurcating. In former times 
it recpiired a good quarter to exhibit the transverse strije; 
but the half-inch, as now constructed, will show them readily. 
In taking the scales from the upper surface of the wing of 
this beautiful insect, tlu^ pale blue spcciineiis should be se- 
lected ; many of these have a thick coating of colouring matter, 
and in cxamijiing a series of them, it will often happen that 
scales will be seen having certain spaces or parts of their 
surfaces more transparent thUn the rest, and without any 
trace of striae ; this is due to the removal of the pigment, and 
with it the striated layer. Tliis object forms a good test for 
the half-inch object-glass, which should show clearly the 
ti’ansverse striic ; and if the scale be perfectly flat, the stri;e 
should be seen over the whole of its sui’faee ; but it gcmerally 
happens that they are only well dcifined in certain situations. 
The pigment under very high powers exhibits a dotted ap- 
pearance between the striae. 

For many years several species of siliceous infusoria of the 
genus Navicula have been employed as tests ; but with im- 
proved object-glasses the lines or dots on their surfaces can be 
so easily made out, that they are no longer used; but in 
more modern times, several new species have been disciovered, 
which even now require the aid of the higheslf j)owcrs and 
most careful manipulation to show their true characters ; the 
first of these, and the one most easily exhibited, is the Nttrimla 
Ifipjjocavipas, This beautiful species was first brought under 
the notice of the mlcroscopists in this metropolis, by Mr. 
Robert Harrison, of Hull, in June, 1841, the longitudinal 
stria?, on the surface of which, he was the first to discover. 
After a careful examination of the same infusoria at a sub- 
sequent period, Mr. Harrison also detected ti*ans verse stria? as 
well; bi\t these he found more difficult to exhibit tlKin the 
longitudinal series. A representation of this animalcule is 
given in plate ix., fig. I, as seen under a magnifying povvi‘r of 
500 diameters, and at fig. 2, under one of 1,200. 
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It will be noticed that ^hc so-called longitudinal and trans- 
verse striic are resolved Into dots, which are so arranged as to 
present under object-glasses of low power the appearance of 
longitudinal and transverse lines. When viewed by a power 
of 500 diameters, it is readily seen that its surface is convex, 
and that the dots are projections from the surface ; a curved 
structureless line runs down the middle of the shell in the 
centre, and at each end the line is expanded into an oval spot ; 
on the edges, near the central spot, the dots arc elongated 
transversely, and apj)ear as so many short bands. This species 
of navlcula is an excellent test for a quarter of an inch object- 
glass, Avhieh should show distinctly both sets of lines or dots 
by oblique illumination. 

Navietda Angnlata , — This exceedingly beautiful species was 
first found upon conferva in the Humber at Hull, and three 
sets of lines discovered on it, by some microscopists residing 
there. Since then, its structure has been carefully worked 
out by Ml*. Gillett by an ajiproved method of illumination 
and of mounting between thin glass, and these supposed 
lines have been resolved by him into minute dots or eleva- 
tions from the surface, which are so arranged as to present 
longitudinal, transverse, and oblique markings, undei^ certain 
conditions of illumination. Fig. 4, plate ix., is an entire 
specimen seen under a magnifying power of 500 iliameters; 
and fig. 5, a portion of the same magnified 1,200 diameters; 
whilst at fig/- G is represented a still more highly magnified 
view of a portion of another specimen, for Avhleli the author 
is indebted to Mr. Gillctt, from whoso microscope it was 
sketched by JMr. Leonard ; the angle of inclination of the dots 
to the sides of the shell was found on measurement to be 51*^ 
in some specimens, and nearly GO*^ In others. Whenever 
these infusoria are viewed by means of very oblique light, 
the appearances presented are those shown in figs. 4, 5, 6 ; 
but under the most favourable illumination, either from a 
white cloud, or a lamp with direct light, and a nuignifyiiig 
power of at least 1,200 diameters, the lines are all shown to 
dots or elevations from the surface, being exhibited as they 
occur on a small portion of the shell by fig. 7. Figs. 1, 2, 4, 5, 
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6, iu*c all exceedingly useful in thqjr way, to show how by 
very oblique jwncils of light, with glasses of small aperture, 
(lots closely approximated may be converted into lines. 

Another very good test of the d(.‘/ining power of a micro- 
scoj)o is the ultimate structure of voluntary muscular fibre, 
about which many differences of opinion have been raised. 
The most excellent specimens of this beautiful structure that 
have yet been shown, are those prepared by Mr. Lealand, 
from one of which, with his kind assistance, figs. 10, 11, 12, 
have been been drawn by Mr. Leonard. Fig. 10 represents 
a portion of a muscular fibre or Ihsciculus of a pig, magnified 
(iOO diameters, which has been so far separated as to exhibit 
the stru(.*ture of the ultimate fibres or fibrilla?. Fig. 11 is a 
specimen taken from atiothcr part of the same prcj^araiion, 
but magnified 1,200 diameters; in this it will be seen that 
each fibril is composed of alternate bands or stripes of two 
distinct structures ; hut ou more carcfid examination, a trans- 
verse line will he found between each dark hand, which give‘’> 
to the fil)ril an appearance of being composed of a linear scumcs 
of more or loss oblong or S([uarc cells, with a dark sul)stan(*.e 
in the centre of each, as shown in fig. 12, in some c.ases as in 
fig. 11;’ the transparent cell wall cannot be easily seen, the 
dark substamjo extending as far as the sides of the cell. 

Noherfs Tests. — M. Nobert, of (Jricfswald, Jiaving occupied 
himself for some years in the manufacture and the testing of 
a large compound microscope, dls(!ovcrcd tliat tin; productions 
of nature, which had been almost exclusively used as test 
objects, were more or less diffeuent in the nature and arrange- 
ment of their miirkings, hence he was led to the employment 
of such objects for (loinparison as can be reduced to number 
and measurement, as modern philosophy requires in all its 
parts. The plan adopted by M. Nobert, is to etch on glass 
ten separate bands at C(|ual distances ; each band is composed 
of parallel lines of some known fraction of the old Paris line ; 
in the fiv^t band they are and in the last of the 

same quantity, whilst the int('rmcJlat(' groups, with regard 
to the distance of their parallel lines, form parts of a geo- 
metric series; these have been kindly furnished by Mr. Dc 
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La Kue, in a test plate rtceived from M. Nobert in January, 
1850 :— 



Lines in 
each band. 

Parts of a Paris lino. 

Parts of an English inch. 

1 

16 

0-000250 

1 

4.U()0 

0-00002220 

1 

•i6;(>i3 

2 

17 

0-000235 

1 

4,260 

0-00002087 

47Ai20 

.3 

18 

0-000222 

1 

4,600 

0-00001971 

I 

60,72(5 

4 

19 

0-000211 

4,760 

0-00001874 

1 

63.371 

5 

20 

0-000200 

1 

6,000 

0-00001776 

1 

^,300 

6 

22 

0-000182 

1 

6/500 

0-00001616 

1 

6I/)7~6 

7 

23 

0-000174 

Ji 

5,750 

0-00001545 

1 

'01,270 

8 

25 

0*000160 

1 

0,260 i 

0-00001421 

1 

70,ilS3 

9 

27 

0-000148 

I 

0,76(3 

0-00001314 

1 

76,090 

10 

29 

0-000138 

7,2.*0 

0-00001225 

1 

Pl,t503 

11 

32 

0*000125 

1 

'8,000' 

0-00001110 

1 

iH).(»yo 

12 

35 

0-000114 

1 

8,760 

0-00001012 

1 

J18j'83 

13 

39 

0*000100 

l(),b(5() 1 

0-00000888 

112,6111 


On examining tins plate with a object-glass of 140^^ 
aperture, Mr. De La Rue found that tlie lines are seen on all 
the bands ; but the lines seen on some of them are spectral, 
and not the real lines ; an effect which may be demonstrated 
on observing the plate of fifteen scricKS, say with a lialf-ineli 
object-glass at first, and then one-fourth ; the half-inch object- 
glass will show many of the scries to he lined which it fails to 
develop clearly, but which arc readily resolved on using the 
one-fourth. Having observed this, Mr. I)c La Rue ret [nested 
M. Nobert to take note of and give him the number of the lines 
of each scries in all future plates he might make for liim, which 
he accordingly did. In this way he was able to control the 
observation, and pronounced the eighth scries to be perfectly 
and clearly separated with Koss’s of 140’^; and he 
thinks that even the has yielded to its defining power ; 
but it is so difficult to count the fine lines, that he cannot 
speak with absolute certainty, but he has no doubt in his own 
mind respecting it. M. Nobert has since furnished Mr. Le 
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La Rue with another test-plate of fifteen series of lines, which 
has been resolved as follows : — 


Noherfs recent Test Plate of scries of lines. 



Lines in’ 
each l)and. 

Carts of a Paris line. 

Parts of .an EnglLsh inch. 

1 

7 

0-001000 

0-0()0()888() -n',-. 

2 

8 

0-000850 

0-00007659 

3 

9 

0-000730 

0-0000f)4S2 

4 

10 

0-000G20 

0-00005506 

5 

11 

0-000550 

0-00004884 -■ 

0-00004262 

6 

13 

0-000480 

7 

15 

0-000400 

0-00003552 
0-00003108 j"' 

0-00002664 

.17A-I7 

8 

17 

0-000350 

9 

19 

0-000300 

10 

21 

0-000275 

0-00002442 • . 

11 

23 

0-000250 

0-00002220 I 

12 

24 

0-000238 

0-00002131 

13 

2G 

0-000225 

0-00001998 

14 

27 

0-000213 

0-00001891 

15 , 

29 

0-000200 ' 

0-00001776 «.!»« 


All the foregoing were seen with a quarter inch object- 
glass of Ross’s make, and having an aperture oF 8(P, the slide 
being illuminated in an oblicjue direction witli a common bull’s 
eye. 

In order to render the subject more iiit(dligil)le, the author, 
through the kindness of his friend, Dr. .1. Hughes Bennett, 
has been enabled to give the following representations of 
M. Nobert’s truly wonderful productions. Fig. 201 exhibits 

a piece of glass of the same size 
as the original, on which in the 
centre arc ruled the ten bands 
or clusters of lines before al- 
luded to, the entire number 
^ occupying so small a space as 
the one-fourth of a line ; wlien 


Fig. 2G1. 
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this glass is placed under a magnifying power of about 100 
diameters, tlic bands containing the fewest number of lines 
in them will present the appearance shown by fig. 262, in 
which are exhibited the lines as seen in four of the coarsest, 
the other six with so low a power not being visible, and even 
those in the fourth band requiring some care in the illumina- 

tion to define them satis- 
- ^ - factorily. In order to us(‘ 

this test, the bands are 
viewed by glasses of dif- 
ferent local lengths, in 
the wsamc manncir as any 
other lined objects, and 
the number of the bands with their lines clearly defined, will 
form a good criterion of the merits of any magnifying pf)W(jr 
from 100 to 2,000 diameters. Thus, for instance, if a cpiarter 
of an incli object-glass be employed with the best illumination, 
nine of the bands nuiy be seen, and the lines in seven of them 
clearly defined, but still no trsic(i of the temth band visible ; if, 
however, a twelfth is used, the limjs in the tenth niay be 
shown ; and these, although the of an inch apart, are as 
perfectly etched as those in the first baiul, which arc seventy 
times as coarse as those in the tenth. Of all the tests yet 
found for objcct-ghusscs of high power, this would ap[)oar to 
be the most valuable, and one which comes the nearest to the 
utmost limit* at which the position of a line (?an be accurately 
ascertained. M. Nobert’s paper is ])ublished in Pn^yrn- 
dorfs Annalen for 1846 ; but as it would be foreign to tlic 
object of this work to enter so scientifically into the explanation 
of the reasons for adopting this valuable form of test glass as 
jM. Nobert has done, the reader is referred to the pa})er itself, 
which will well repay an attentive perusal, as the information 
it contains is of the highest practical impoi-taiicc. Accompa- 
nying the test kindly lent to the author by Dr. Bennett, was 
another glass, on which were etched in a similar manner a 
scries of lines, the of a millimetre apart; these were, lik(;- 
wise. beautifully ruled, and the surface of the glass presented 
a rich play of iridescent colours. 
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Matliod of Eivamtning Test Objects, — For th(i purpose ot* 
examining thcs(i most delicate of all structures, conswlcrable 
care and skill are required, the more so if two object-glasses 
of equal power are to be tried one against the other. Ilui 
usual modes of illuminating transparent objects have alre.ady 
been given at page 186, where also will be found the descrip- 
tion of the different kinds of apparatus which are iJaced beneath 
the stage, in order to increase the brightness, and cut off the 
outer rays of the illuminating pencil. The objects for exami- 
nation should be perfect specimens, and mounted either in the 
manner represented by figs. 210-11-12-16, or on a slide of the 
usual size, and covered with the thinnest films of glass; some 
of the most opacpie sjiecimens may be put up in b:dsam, but 
tlic majority arc far better seen when mounted in the dry 
way between pieces of thin glass. Day-light will be found to 
be the best for all examinations, and the light refleeted from 
a white cloutl, save that of the sun, the brightest that can be 
obtained. The microscope having been jdaecd on a firm table, 
in a suitable situation to get a good light on the mirror, and 
everything ready, the object-glass, if of high power, must next 
be corrected for the thickness of the glass cover; as tlu^ 
method of doing this was not described at page 175, it will 
be proper to mention it here. 

Method of Using the Adjusting Ofgect-glass. — As the liigh 
powers of Messrs. Powell and Koss have the same kind of 
adjustment, the following directions, drawn up by Mr. lioss, will 
answer fo;- both; but thos(j of Mr. Smith, being of a dificrent 
construction, will requhe a separate mention: — 

When an achromatic object-glass for a microscope lais its 
aberrations corrected for viewing an uncovered object, the cor- 
rection will be nearly the same, whether the object is st^en by 
the light reflected from its surface as an o|)a(iuo, or by its intia'- 
cepting transmitted light as a transparent one, if these objecds 
are properly prepared and illuminated. Put if it be necessary 
to cover Jthe object with glass or talc, or to immerse it in a fluid, 
the aberration caused by the refractive and dispersive power 
of the interposed medium deteriorates the performance of the 
object-glass. 
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“ Tho adjustment winch is given to objeet-glasses of high 
magnifying power, and transmitting large angular pen(iils of 
light, is for the purpose of compensating the abernition result- 
ing from the various states in which an object may be placed. 
To effect tliis there are two lines on tlie external part of the 
object-glass; against the upper line is engraved 
immvered^ and against the lower, covered; there 
is also a small square piece of brass, or tongue, 
screwed into a morticed hole, with a single line 
upon it, as shown in fig. 2G3.‘ Immediately above 
tho Hues is a projecting milled edge, which may 
be moved independently of the other part of the 
object-glass, giving motion to the part nuirkcd Uncovered and 
Covered; so that cither of the lines may b(i made to coincide with 
that on the tongue. This motion has the effect of separating or 
bringing nearer togetluir the lenses which compose the object- 
glass. When the line against which uncovered is engraved coin- 
cides with that on the tongue, the adjustment is perfect for view- 
ing an opa([ue or uncovered object; but when the line against 
which covered is marked coincides with that on tho tongue, 
the object-glass Is in adjustment for viewing an object covered 
with glass or talc onc-hundredth of an inch thick. If the glass 
or talc is less than one-hundredth of an inch thick, then, the 
mark on the tongue shoidd be between the marks Covered and 
Uncovered; and if it exceed one-hundredth, tlien the mark on 
the tongue should be without the mark against which covered 
is (jngraved. This adjustment must be tested (*xpcrimentally 
by moving the milled edge, so as to separate or close together 
the combinations, and then bringing the object to distinct 
vision by the screw adjustment of the microscope. In this pro- 
cess the milled edge of the object-glass will be em[)loycd to 
adjust for character of definition, and the fine screw movement 
of the microscope for correct focus.” 

The earlier object-glasses of high power, made by Messrs. 
Smith and Beck, have the tube of their front lens moveable, 
and furnished with a screw collar, the cii-cumfereiice of which 
is engraved with ten divisions, numbered from 0 to 9; this, 
and the graduation on the milled head for slow motion, give 





Fijr. 2G3. 
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a means of obtaining the finest perfonnance under various 
eircuinstanccs. The following directions are thus given for 
tlieir use: — 

1st. When the tube in the body of the microscope is not at 
all drawn out. 

If the object is unaweredy screw up the collar oF the object- 
glass, till 0 stands opposite to the vertical mark on the tube, 
its two or more horizontal marks, each of which indicates one 
revolution of the collar, being all fully exposed. (This is nearly 
as far as the screw will go without strain.) 

If the object is covered with glass or talc, nK‘asiirc the thick- 
ness of this, taking advantage of dust or spots on the surfaces, 
by the milled head for slow motion: it has its circle divided 
like the collar of the object-glass from 0 to 9; every revolution 
being ten divisions. 

Multiply the number of divisions indicating the thickness 
by 0.7, it the inch object-glass is used; by 0.9 if the ] ineh. 
Then set the c.ollar to the number that is the product, screwr 
ing it down from its former position, and pressing up the tube 
of the front lens; and the adjustment is made. 

2iul. When the tube in the body is drawn out. 

Increase the number to which the collar is set, with the 
^ ifich "lass, as under: — 

For I inch drawn out add 2.5 divisions. 


2 inches 

. 

. 4 

ditto. 

3 ditto 

. 

. 5 

ditto. 

5 ditto 

, 

. fi 

ditto. 


The [ inch glass is little changed by lcngth(uiing the tube, 
but one division may be added for each of the first four inches 
<lrawn out. 

The milled head for slow motion gives for the depth of 
, of an inch in air fifteen divisions, in glass ten nearly. 

In ordpr to test the merits of an object-glass, an object 
suitable to its powers sluaild be employed; if below the half- 
inch no achromatic condenser need be used by day; the light 
from a white cloud may be reflected by the mirror, or that 
31 
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from an argaud Lunp at night; direct rays should be •first 
employed, and the object brought well into focus; if it be a 
lined onci, tlic concave mirror should be turned in various di- 
rections, in order that the lines may be distinctly seen; but 
the light sliould not be too oblique, as then fallacious appear- 
ances may be produced; if the achromatic condenser be rc- 
cjuircd, the plane mirror slioidd be used; and when the object 
is in focus, the illuminating lens should be moved up or down 
gently, to see at -svliat point the definition is the best. If the 
power to be tested be an eighth or a twelfth, and the object a 
very minute one, a half-inch should be first used to find it out 
and bring it into the centre of the field; the high power may 
then be substituted for the lower one, and if the axes of the 
two glasses coincide, the object will be found in the centre of 
the field, or very near it. It is always a t(*(lious matter to find 
a minute object in a slide with a high ])owcr, unless a vsmall 
circle be marked around it; but in practice it will be found 
most convenient first to examine the slide with a half-inch or 
inch, and to bring into the centre of the field of view the ob- 
ject required. Mr. Gillett adopts a very cx(?cllent method ; he 
searches over all the objects contaiiuHl in a slide, and paints a 
circle around the Ix^st specimens, and maizes an enlarged draw- 
ing or chart of tlie slide on pa])er with all the cinrU s, and within 
each circle a magnified representation of the obj(H*ts contained 
in it; if tlie slide and tlie chart be compared, the circle within 
which the best specimens are contained can be placed in th(^ 
field of view without much difficulty. 

In testing the merits of any two glasses of equal power, tlui 
same illumination and object should bo employed Avith each, 
and tlie only way of getting a measure of their relative value 
is to select a test that can be resolved by botli; and tliat glass 
which shows the lines darkest, and all elevations the most 
prominent, and the spaces between them the clearest, may be 
considered to perform the best. Particular care should be 
taken in tlie management of the Illumination, so that the rays 
be not too oblique, as it often happens tliat projections arc 
shown as depressions, and depressions as projections. Objects 
the intimate structure of which it is difficult to define, should 
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be examined by two or more observers, especially such as the 
Navicula hippocampus and angulata, in which an appearance 
of lines is given by dots or projections, arranged in parallel 
rows, or in rows alternating with each other; nothing can 
more plainly illustrate the importance of this proceeding than 
figs. 2, 4, 5, in plate ix. ; a number of persons have carefully 
examined these under the power by which they were drawn, 
and have set down on paper what they believed the markings 
to be produced by; some have declared them to be lines, 
whilst others, whose eyes were more practised, could resolve 
each line into a series of dots or elevations, as shown in figs. 
3 and 7. The representations of the several test objects 
given in plates vi., vii., vlii. and ix., will form an excellent 
guide to the amateur, as to the amount of definition that a 
good object-glass of equal magnifying powcir to that employed 
III any given drawing should exhibit, as (ivery specimen has 
been carefully sketcJied by the camera lucida, and all the 
markings put in as they were best seen, with glasses of great 
or small angles of aperture; the former exhibiting them as 
dots, the latter as lines. 


CIIAPTEIi XXI. 

MISCELLANEOUS HINTS ON THE MANAGEMENT OF THE 
MICROSCOPE AND MICROSCOPIC PREPARATIONS. 

Apartment , — In the choice of a room for microscopic observa- 
tion, one on the ground-floor should be selected in which 
there is a window having a northern aspect, and not over- 
shadowed by trees or buildhigs; a firm table is required for 
placiing the microscope on, and in oixlcr that the latter may 
be at all times ready for use, it should be covered over eitluT 
with a glass or other shade when not employed; many valu- 
31* 
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able observations will be lost if tlie labour of packing and- un- 
packing tbc instrument and apparatus have to be frecpiently 
repeated. A glass sliade, especially a stout one of the old 
make, with a knob at the top, will be found to keep off the 
dust as eifcctually as any well-constructed box or case. 
Drawers and cupboards, for containing preparations in bottles 
and boxes, will be ibund very convenient. A small nest of 
drawers, fitted up under the tfible, will be useful for keeping 
thin glass covers, spare slides, cutting instruments, &c. In 
the winter, when fires are in use, it will be necessary to cover 
over any j>rcj)arations that are about to be dried before being 
inount(?d, as minute particles of carbon arc continually being 
dejjosited in all situations; for this purpose small shades, such 
as arc employed for raising young plants, will be found par- 
ticularly convenient. 

To Chan the. Optlml Part of thr Microscope, — In order to 
clean the glasses oi‘ the eye-pic(5c, they should be unscrewed, 
and wiped either with a piece of clean lawn or wash leather; 
an old soft cambric handkerchief will be an excellent substi- 
tute for either. In the case of the object-glasses, the wiping 
should be conducted with great care; in the majority oi‘ 
instances, a carners-hair j)cncil will remove any dust, but for 
all othei’ purposes the leather or liium will be retpiired. Some 
persons recommend that the wash-leather should be impreg- 
njited with putty or crocus powder; both this and the linen 
should be kept jierfcctly free from dust, in a box, and em- 
ployed for no other purpose. 

Class Slides may be freed from all grease by washing them 
with potash; the Kcv. J. 1>. Jieiide has recommended an 
infusion of nut-galls (which contains a quantity of tannic 
acad) for the same purpose. In wiping the slides and tlui 
covers as well, be careful not to employ a substance likely to 
leave any nap or down behind, as coloured filaments, derived 
from table-covers, j)ockct-handkerchicfs, &c., have more than 
once been mistak(m for highly organized structures, c- 

Cahinets and Boxes for holdimj Microscopic Objects, — The 
slides generally employed by microscopists arc one of the 
sizes recommended by the Microscopical Society, viz., three 
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inchc's by one, or three inches by onc-ancl-a-lialf; the fbnrier 
is most comiiionly used. Any number of these may be cut ol* 
the required dimensions by the board and ruler dcscrilicd at 
l)age 202. Objects mounted on slides are often required to 
be carried about; for this purpose small boxes are used, the 
sides of which are provided with strips of wood, termed racks, 
having a series of grooves cut in them, at equal distances 
apart, to receive the ends of the slides; when the slides are 
placed in the grooves, they may be k(‘pt either in a horizontal 
or in a vertical position; some persons ])r(il('r the former, 
others the latter method. l>oxes capable of containing one or 
two dozen objects can v(iry well be cjutuhI in the jiocket 
without injury, [)rovidedthe cover be well padded and pressed 
lirmly against the sides of the slides; others, made in tlui 
shape of books, and fitted up with racks, look very neat wlien 
arranged on sluilves; the objects contained in them should be 
kept in the horizontal position, which can be readily done by 
having the box made of sufficient breadth to contain one or 
two slides when placed horizontally. Tluj chief iiK'onveiiiencc 
in this mode of arrangement is the difficulty oflinding any 
required object (piiekly, hence it will be found in practice, 
where stowage-room is not of much conseqiiencje, that the 
})lan of kecinng them in drawers perfectly flat will be by far 
the most advantageous; some persons preder having the drawci-s 
divided into compartments, each one of which is only capable 
of holding a single slide; this, besides being an expensive plan, 
is not always necessary; if the cabinet be large, and not often 
moved, the divisions may be dispensed with; the author has 
kept for years a collection of anatomical preparations in 
shallow drawers, each being capable of holding nearly one 
hundred slides; no compartment of any kind is employe<l, and 
in no single instance has any Injury befallen the specimens. 
Cabinets are now furnislicd by our prinei[)al opticians and 
preparers of objects, to hold any glv(m n limber of slides, of 
three inellcs by om*. A cabinet of twenty-four drawers, each 
drawer being 12^ iiiclus by inside measure, will hold 
upwards of eight liundred and fifty slides in three rows of 
twelve in a row ; or twenty-four drawers of the same dimeii- 
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sions but turned a different way, and so arranged as to have 
four rows of nine in a row, will contain an equal number of 
slides witli the last. The rows may be separated from each 
other by a narrow strip of wood placed across the drawers at 
right angles to the direction in which it draws out, by which 
means the objects are prevented from sliding one over the 
other. The following plan of securing the slides in the 
drawers of small moveable cabinets, recommended in a work 
(Uititled Microscopic Ohjectsy is worthy of mention. “ The slides 
containing the objects are laid flat in double or treble rows; 
the outer ends of the slides are made to fit into a ledge in 
the front and back of each drawer; the inner ends of the 
slides, meeting in the middle of the drawer, arc kept down by 
a very thin slip of wood covered with velvet. In this way 
the slides do not vshakc when the cabinet is moved from place 
to })lacc; every object is seen without removal, and thus no 
time is lost in making a selection.” 

Opaque objects mounted on discs should be kept in drawers 
or boxes lined with cork, and well protected from dust; each 
disc should have either a number or the name of the object 
written on it. 

LfihaUiny SUdrsy S;c , — The methods of cutting and edging 
glass slides has already been given at pages 263-4. I'hosc 
who employ jdate-glass generally have the edges of their 
slides cither ground or polished; but others, who prefer flatted 
crown, usually cover them with paper, which gives them a 
neat appearance. The slides that are protected with paper 
arc generally those having objects on them mounted either in 
the dry way or in bidsain ; and when the paper is thin, like 
the common blue, it may often be laid on at one operation, a 
hole having been previously punched out of the centre of the 
top and bottom piece of the object. Mr. Topping and others 
employ green or blue coloured papers, on Avhich some kind of 
pattern is printed in gold. These should be cut of the size of 
the slide, and a hole punched out-of the centre of each for the 
object; strips of thin paper arc then to be pasted around the 
edges, and the upper and under surfaces afterwards covered 
with the figured paper. Some persons stick white labels 
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uj)on the coloured paper; but the most satisfactory method of* 
proceeding, is to paste a piece of wliite paper u])on one end of 
the shde, and to puncJi out a circular or other hole in the 
coloured paper that is pasted over it; by these means there is 
less risk of the label being lost, as it is doubly protected. 
When the slides arc not pajiercd, the name should be written 
on them by the diamond described at page 2(5 1 ; it will be 
often advisable, when fluid is used, to put down the name of 
it, and the date when the pre[)aration was mounted. For the 
sake of cataloguing the slides, the opj)osite end to that having 
the name should be employed for the pui*i)Ose. 

Mr, C, JJroohes Method of Viewinij Opaque Objects under the 
Jlitjh Powers , — A truncated parabolic mirror, now known as 
AVenham’s reHector, with a dark well in the centre, is placfnl 
under the object, and illuminate<l by a paralh;! ptmcil of' rays, 
obtained by placing a (combination of two planiM^onvex lenses 
underneath, and concentric with the mirror, the lamp being 
in the principal focus of the combination. 

A small plane mirror is attached to the obj^ "t-glass, tin 
surface of which is hwel with or very little below the external 
surfac(j of the ol)ject-glass. The rays oi‘ light converging to 
the focus of the parabolic mirror, being received on the plane 
mirror, are thrown on the object. l>y this arrangement, all 
the rays that subtend any angle from that of the objiict-glass 
up to about 170^ are made available for the illumination of 
the object. WluMi the one-eighth and one-twelfth object- 
glasses are used, it is necessary that the object should be 
mounted on a small surface, wiilioutany pits or depressions; a 
truncated cone ol* cork, wood, or ivory, with an aj)propriale 
holder, may be used. 

For a finder it is convenient to have a plane inirroj* attached 
to a cap fitting over the oiie-incli object-glass, so that the 
surface of the mirror may be about one-tciilli of an inch above 
the focus, the hole in tin* centre bcang just large enough 
to adm\t all the rays that am enter the object-glass. 

In order to obtain t!.e Lest definition of minuU; objects in 
fluid under tlui high powers, it is necessary to have thin glass 
under the cell, as well as over it. For this purpose, i\Ir. 
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Brooke cements the cell to a slide of slate with a hole in .the 
centre. 

Thin Glass Cells, — These may be very expeditiously made, 
by compressing a piece of thin ghiss between two surfaces of* 
wood or brass, having a hole in them, the intended size of the 
cell. When the thin glass is fixed between these, it should 
be scratched round the interior of the hole on both sides with 
a diamond, and then the centre may be pushed out. 

Opaque Objects in Fluids such as injected preparations, 
which require to be looked at on both sides: the cells are best 
made by drilling a round hole in the slide itself, and cement- 
ing a piece of thin glass on one side of it with marine glue ; 
when the object is introduced, another ])iece of thin glass is to 
be cemented on the other side with gold size or licpiid jet in 
the usual way. 

New Method of Cetnentlmj Cells. — Cells for containing dried 
injections or other preparations in turpentine, may be cemented 
with common carpenter’s glue, which will effectually prevent 
the escape of the turpentine. 

Mr. Jiroohe\s Arraufjement for Erectbiff the Object for Dis- 
section and for Drawing. — For this purpose a rectangular 
prism is interposed between two pieces of tube, meeting at an 
angle of 100^, one of which enters the body of the microscope, 
and the other receives the cyc-piccc. By this arrangcjment 
the object is invei*ted in the plane in which the angle of the 
tubes lies; but in order to erect the object, it is necessary also 
to invert it in a plane at right angles to the former — this is 
effected by [)lacing a small rectangular prism edgewise in 
front of the cyc-piece. 

For drawing the object, a small prism, having two parallel 
polished sides, is jdaced in front of the eye-piece In place 
of the rectangulai* prism, so that while the object is seen by 
reflection at an angle of 45*^ from the surface of the prism, 
the paper placed on the table is seen dire(;tly through the two 
parallel sides. By this second reflection the object is rein- 
verted in the same plane, and is therefore seen and drawn 
correctly. 
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AOIinOMATIC GAS LAMP. 


Gas, now so generally introduced into our dwellings, presents 
many advantages over oil ami otlicr lamps reciuiring wicks, on 



account of its cleanliness, 
being ever ready for iniino- 
dlute use, never recpiiring to 
be trimmed, and ii jiejfect 
control of the Hame. When 
employed in the ordinary 
way for micros^*i>pical iiivee * 
tigations, it, however, ])re- 
sents the defect of a ularinjr 
yellow flame, the reflected 
rays from which arc exceed- 
ingly trying and injurious to 
the eyes, and likewise ren- 
der the definition obscure. 

To remedy’ these evils, 
JMr. S. llighlcy, junr., of 
Fleet Street, has construct- 
ed a lamp of the following 
description, represented in 
section by fig. 204: fi, the 
base; a socket, carrying 
the stopcock, by which the 
flame is regi dated ; into 
this screws a stem, c, 4i 


inches long, in which slides, through a stiifting-box, an inner 
tube, d; by this arrangement the stem may he heightened 
when it is required to throw the rays on the stage oJ the 
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microscope ; on the other hand, when it is desirable to have 
the light near the base of the instrument, the stem, c rZ, 
unscrews, and the gallery, screws into the socket, 

a shallow argand burner, e, screws into the gallery, f; this 
gallery carries an inner rim, into wliich fits a Lcblond’s 
patent achromatic blue lamp glass, h ; a piece of coarse wire 
gauze, represented by the arched dotted lines, g, fills up the 
central aperture, so as to prevent irregular currents of air 
affecting the steadiness of the flame; the outer rim of the 
gallery supports a copper cylinder, Z, 8 inches high, and 3^ 
inches in diameter; in this, and opposite the burner, a circular 
aperture, 2 inches in diameter, is cut; outside this cylinder is a 
rim, on which an outer cylinder, /, rests and rotates round 
the inner one, i ; this has a corresponding ajierturc, into which 
is fitted a disc of neutral tint glass, rn ; the inner blue glass, //, 
absorbs the ycJlow rays of the flame to a grciat extent, but it 
still gives a glaring objectionable light, which the glass, m, cor- 
rects, and the coinbination of the two tints affords a soft white 
light, .that renders the definition very distinct. When it is 
desirable to diniinish the beam of light, it is cftectiMl by 
rotating the cylinders, and as the two circles cut each other 
the aperture may be contracted to any extent; to hicllitate 
the rotation, an ivory knob, ?/, is attached to the outer cylin- 
der, /, and anoth(u% o, to the inner one, L 

This lain}) would likewise be of service when making 
minute dissections; also, for fine mccJianital work, as in 
watchmaking, &c. The lara}> may bo obtained of Messrs. 
Smith and fleck. 

M. NACIIET’S MICR0SCX)PK for chemical. OUSERVATIONS. 

This very valuable instrument is represented in fig. 265, and 
is composed of a solid foot, X, in which is fixed the piece, O, 
for the rece})tion of the small plate, P, on which the objects to 
be examined are placed ; as in this instrument we ,vicw the 
under surface of objects, the illumination must be on their 
^i})})er surface; for this purpose we fix at pleasure to the })iece 
( ) the rod T, which holds the mirror, M, and the piece, L), I'or 
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holding the diaphragms, polarizing aparatus, &c. To the toot, 
X, is attached a dovetailed slide, V, in which is contained a 



prism, R,. supporting the tube. A, and the body, C. Supposing 
that a particular objc'ct is to be viewed, by means of the two 
milled heads, B, we draw the prism, R, out ol‘ the axis of 
tlie instrument, as shoAvn in fig. 266, we screw the obje(;t-glass 
to the piece F, we rephu'c the prism under the small plate, 
and thou adjust the fo<*iis,by means of the tube A and the 
fine adjustment, F. There are in Ci, lig. 266, two screws, 
which, coming in contact, pnivent R from coming out conf- 
plctely. The office of the prism, R, is to receive the image in 
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a vorticfil tlircction, sind reflect it to the Jixis ol' the body, C, 
which curries the eye-picces without any perceptible loss ul' 



larger plate^ the edg(;s of which are heated by small spirit- 
lamps, is laid upon the small plate, 1\ The magnifying 
powers to be obtained in this microscope vary from 2o to 500 
iliam()tcrs, and all the apparatus necessary for the study of 
mineralogy can be applied to it, such as the goniometer, 
micrometer, cScc. In short, in tlic general use of acids, 
reagents, &c., no injury can happen to the lenses of the 
object-glasses, as, being placed underneath, they are pro- 
tected from the oxidizing vapours. 

MK. HETT’S MrCROSCOPKS B’OU INJECTIONS, ETC. 

The first of these instruments, represented at fig. 2()7, con- 
sists of a slab of polished mahogany, of the form shown at a' 
into which, beneath is fixed a metal pin, on which a brass 
wheel revolves, carrying forty cells with their enclosed objects; 
these are protected from dust, and the action of light by the 
cover, /y, h' which is fastened to the slab, a, in such a manner 
as to admit of being readily removed, a portion of the slab be- 
tween d and d is cut away, as is also part of the cover between 
// and by so as to admit the finger, for the purpose of moving 
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the wheel, the inlllcd edge of which is shown ixt c, A circular 
opening is made tliroiigli the cover at d, iininediately under 



the object-glass, and through wliich the preparations may be 
examined as they alternately prcKsent themselves at this point; 
this opening is covered with a circular piece of thin glass, to 
protect the cells beneath from dust; h h is a buirs-eye, 
mounted on a dove-tailed sliding piece, /, seen on a larger 
siialo at fig. 267, i showing the sliding piece. The body, /, 
and the Iwnb, k, arc made in the usual way, the latter being 
attached to a stage, /, with right angled rack-work fittings, 
and so constructed that by means of the inilled-head pinions, 
m n, the object-glass may bo made to traverse the entire space 
formed by the opening, d and thus to bring the whole of the 
object beneath it into view.* 

Fig. 268 shows another form of Mr. Hett’s instrument; 
the body, /, limb, /<, and rack-work fittings, /, 7«, n, are 
similarly arranged to those in flic instrument previously 
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described; but the mahogany slab, a, is of a difterent form, 
liaving a brass pin fitted into its upper surface, the free end of 
which is seen at ^ ; on this pin ii small brass disc, r, turns, 
carrying 1 2 objects. Through the disc, c, near to its margin 
and at regular distances, twelve small holes are drilled and 
tajiped, one of whicli is shown at r/ ; a cell having been removed 
for the purpose, a larger hole is drilled through the boss, c, at 
its centre, through which the pin, J, passes. 

The glass cells employed are made in a mould, the bottom 
and sides being of one piece; each cell is mounted with 
marine glue on a small disc or button of brass, furnished with 
a solid shank, which is tapped to form a screw, so as to admit 
of -its being fastened into the small hole, d, in the disc, c. 
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Ono of these cells, mounted as just described, is shown at /, 
the cell being represented at and tlic brass disc or button, 
with its sliank, at h. 

This is an exceedingly elegant and most convenient method 
of mounting injected and other opacjuc objects, and will be 
found very useful whenever it is required to demonstrate to 
classes any particular set of organs, as cells mounted in this 
way can easily be removed, thus enabling the teacher to ar- 
range the obje(*ts on the disc in the order in which he may 
wish to present tliem, and the rapidity with which any one o1‘ 
them can be Immght under the object-glass, will assist the 
student in ascertaining the distinctive differences exisrmg 
between them. 

When not in use the discs may be kcj)t in drawers, each 
drawer having a number of pins, similar to that fixed on the 
slab, screwed on the bottom of it, to receive them. iVlr. llett 
employs mahogany boxes, about the size of those used to hoi‘* 
twelve slides, but shallower, a brass pin being fixed into tlic 
ecnti’e of the bottom of eaeJi box: this pin is somewhat longer 
than that 1‘astcncd to the microscope, so that it projects beyond 
the boss on the disc, the projecting portion is furnished with a 
thread, the disc being dropped into the box is secured by means 
of a nut. 

These discs may bo used with a niicroscoj^e of the usual 
form, the only additional apparatus recpii red being a. brass clip, 
furnished with a pin to receive them; this clip should befitted 
to the stage in the same manner as an oi’dinary object-iilatcj, 
or the ohject-jdate itself may have a pin atlacJicd to it for the 
reception of the discs. 


MU. KOSS’S 131P1U)VEI> AGJIliOMATIC MJCllOSCOPK. 

This instrument is represented in plate xi. ; it differs in 
many r(;spects from tliat shown in plate I.; firstly, in having 
a flattened bar, C, instead of a triangular one; secondly, in 
the stage being thin and of a new form, with rectangular 
movements, and capable of being revolved one-third part 
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of a circle, by turning the milled head, c; tliirdly, in .the 
addition of the apparatus for illumination placed beneath 



the stage, all of which is fitted into the bar, />, and may be 
moved up and down by a rack and pinion, which is obscured by 
the part in which the dove-tailed slides move ; to tliis bar, //, 
is fixed tlie tube, a a, into which the various condensers and 
illuminators are ada[)tcd, and may be revolved by turning the 
milled head, c; by means of these two circular movements, the 
effect of oblique light may be shown upon all parts of an 
object. The condenser of Mr. Gillett, before described in 
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page 206, is represented by as being fitted into the tube, n. 
For the purpose of illumination by artificial light, Mr. (fillott 
has contrived the apparatus represented in fig. 269 : the 
mirror is, in this ease, removed, and upon the stem, «, which 
supports it, is fitted the bent bar, h c, having attached to it 
another thin bar, for the support of a disc of enamel, e. In 
the foot, is fixed the rod, g //, upon which arc two slides, 
one a thin piece of mahogany, /t, into which a small camphine 
lamp, /, fits ; and the other, /, to Avhich is attached a para- 
bolic reflector, /<, for condensing the light upon the disc, e, 
the reflector having a hole at m, through which the rays 
from the disc pass to the object. By this apparatus a liglit 
is obtained similar to that prmhiced by the reflection of the 
sun from a white cloud. 

The method of adjusting and using the apparatus fitted Into 
the tube rt, plate xi., is tlius described by Mr. Ross : — 

The secondary stage, situated underneath tlic genci*al stage . 
wliich holds the objects, is for supporting all the various fbnns 
of illumination, also polarizing apparatus and other auxiliaries, 
which are employed underneath the object. This consists of 
a cylindrical tube, a a, moveable in rectangular directions, and 
affixed to a dove-tailed sliding bar, /y, which can be removed 
for the convenience of easily applying the various apparatus ; 
this bar fits into a second sliding bar, moveable by a racik and 
pinion, parallel to tlie axis of the microscope. The rectangular 
motions given to the cylindrical tube serve to adjust the appa- 
ratus, which may be applied centrally or cxcentrically, while 
the sliding bars regulate the distance of the apparatus from 
the stage, and consequently from the compound body. 

When about to use the Gillctt’s illuminator in day-light, 
the secondary stage and the slide to which it is attached are to 
be withdrawn from the instrument, and the illuininating appa- 
ratus applied in the cylindrical tube of the v«^econdary stage ; 
the slide Is then to be rci)lacetl and pressed upwards against a 
stop, then finally regulated by means t>f the rack and pinion 
which moves the second slide, the upper surface of the illumi- 
nating lens is to be adjusted so as to be level with the upper 
surface of the object-stage. Having the compound body 
vertical or conveniently inclined ibr use, turn the arm and 
32 
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compound body to the rx^ht hand until it Is stoi>ped; place 
the plane side of the mirror so as to rcflcc.t light up the 
condenser^ and lay a piece of clean wliite pa])er upon the 
mirror; then screw an object-glass upon tlio mi(.Tosco[)C 
(one of the lower powers at first), and apply the A eye- 
piece to the other end of the tube, and, having placed an 
object on tlie stage, move the tube down by tlic rack bar of tlie 
microscope until vision of soim^ part of tlie object-slide is ob- 
tained; then having removed the objet^t, also the cap from the 
eye-piece, apply the examining glass in the place of the ca]), and 
adjust this glass until the images of the diaphragms of the (jbjcct- 
glass and illuminating lens arc distinctly seem. If the illumina- 
tor be now moved by means of the side screws of the secondary 
stage, while looking through the examining eye-glass, the cen- 
tral position of the illuminator under the compound body, in 
this direction, may be determined and finally adjusted by 
means of the side screw, c, of the condcnscjr; the C(;ntral 
adjustment in the direction at right angles to the above, is 
obtained by turning the milled head, </, in front of the under- 
neath stage, which acts by moving the illuminator to and from 
the observer until the images of the diaphragms arc concen- 
tric, also the white disc formed by the pa[)er on the mirror. 
Having removed tJie paper from the mirror, the light oi* tlur 
sky or lamp may be directed up the condenser, and the field 
of the microscope illuminated ; then replace the object, and 
obtain distinct vision of it by tlie adjustment of the com- 
pound body; Avliile this state of the apparatus remains, the mir- 
ror should be so inclined, that the image of some intereejiti ng 
object, as a tree or house-top, should be brought into the field, 
and, though not ilistinct, may be recognised by its partially 
darkening the field of tlie microscope; then distinct vision of it 
must be obtained by the rack slide, which moves the seconilary 
stage to and from the object-stage, and, the adjustniont of the 
compound body remaining as it was, the microscopic object 
will be seen distinctly at the same time with the treer or house- 
top. Tlu; mirror may now be turned so as wholly to rcHcct the 
light of the sky, and the image of fleeting clouds will be seen 
as they pass. The brass disc, with the various apertures, may 
now be moved until that quality of illumination is obtained, 
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which gives a cool, distinct, and d(.‘linitc view of the ohject. 
When changing the object-glass on the eonipoiind body, the 
examining eye-glass should always be em[)IoyiMl to ascertain 
that tlio central position of the condenser and microscope tube 
is not deranged. When the <H>ndenscr is used by artificial 
light, the mirror must be removed, mid tlie enamel disc, c, 
applied by means of the bent arm. Tlio (*amphine lamp is to 
be placed upon the adjustabh^ lamj) stand, and the Ham(‘ of iho, 
lamp broiiglit into the focus of the elliptical mirror, 'fhe 
hole ill the elliptical reflector, ni, is to he brought in thc^ optical 
axis of the instrument, and the reflector directed so as t(» form 
the image of the dame of the lamp upon the imaincl disc. 
The illuminating lens Is then to be adjusted, until the surface 
of the enamel disc is seen distinctly at the same time with the 
object under examination, in the same manner as described 
with reference to the tree or house-top, in tlic directions for 
daylight, the surface of the mirror may be re* ognisiMl I)> 
making a small pencil mark upon it. #111 this ajiparatus, both 
the intensity of the source of light, and the angle (>1‘ the 
illuminating pencil, arc under command, the intensity being 
regulated by the size of the image of the flame of the lamp, 
jirodiiced upon the cnaiind disc by moans of varying flic [ilai^e 
of tluj lamp in the axis of the elliptical reflector, and tlie 
angular dimension of tlu'. pencil, by means of tlie revolving 
diaphragm [ilatc. 

The examining glass mentioned in this article has hcmi 
arranged by Mr. Koss, and is of the greatest servici; in (‘mitm*- 
ing the compomul body with tlie illuminating apparatus, of 
whatever description it may be. Ft consistws ot a tubular cap, 
similar to that wliicli covers the oyc-glass generally, bid con- 
tains a convex lens, which is so placed that the emerg^mt 
pencil at the eye-glass is in its focus. This emergent pencil 
is the image of the aperture of the object-glass, aJso ol the 
apertures of the lenses and the diapliragms, which may be 
contained* in the condensing tube, and these arc all suftioiently 
near in focus at the same time for their coueeritrieity to be 
recojjnised. 


32 ^ 
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MR. KINGSLEY’S ILLUMINATOR. 

This instrument, the 
invention of the Rev. 
W. Kingsley, of Cam- 
bridge, is represented 
in fig. 270 , as con- 
structed by Mr. Ross ; 
it consists of three 
lenses, of very large 
diameter, for their focal 
length, for the purpose 
of producing a large 
angular pencil of light, 
the forms of the lenses 
being given in section 
at the upper part of the 
figure. The illumina- 
tor is applied cither to 
the undersurface of the 
stage, in the usual man- 
ner, or is made to fit 
into the tube, a «, re- 
presented in plate xi. ; 
to its under surface is fixed a revolving diaphragm plate, the 
image of which is to be formed in the same plane as that in 
which the object is situated, as in the Wollaston condenser. 
Mr. Ross’s plan of using this instrument, and bringing out the 
effect produced by Mr. Kingsley, is as follows:^ — First, as 
usual, let the image of an aperture in the diaphragm plate be 
produced in the centre of the field of the microscope, at the 
same time that the object is distinctly seen, then, by means of 
the adjustable stage, place the object on one side of the field of 
the microscope, and follow it by moving the compound body ; 
pursue this course until the object is laterally just beyond the 
margin of the image of the aperture; whilst the object is in this 
position, and the image of the aperture is just without the 
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field of the inicroscope, adjust the illuminating lens so that the 
red light is got rid of and tlie blue light appears; the detail 
of the object will now assume a pearly appearance. The stage 
is tlien to be moved round, carrying tlie object circularly, until 
the illuminating pencil intersects the structure in the proper 
direction. The excentricity of the object to the image of the 
aperture is to be varied also until the best effect is produced, 
the larger apertures of objectives permitting the greater 
amount of this excentricity. To recapitulate, the success in 
bringing out the peculiar effects of this illumination depends 
upon employing the most appropriate aperture in the diaphragm 
plate, producing the image of it by means of the suitable rays, 
by placing the object at the best distance laterally out ol* the 
image of the aperture, and by giving the object such position 
that the illuminating pencil intersects its structure in the 
proper direction. 


]VTi:SS US. SMITH & heck’s IMPROVEI) LARGE AM) SMALLER 
ACHROMATIC M ICROSCOPliS. 

The improvement in the microscopes, represented in plates iii. 
and iv., consists in the new mode of applying the apparatus 
under the stage, for the important purpose of illuminating the 
object; that of the smaller instrument is shown in plate xii. 

The difference in construction is simply a short cylindrical 
tube, which is capable of being moved up and down by rack 
and pinion, S ; the tube, li, being mounted on the same piece 
of metal, LT IJ, and by similar fittings as the body of the 
microscope ; it is, therefore, exactly centricial with it. 

The advantages arc, that many of the fittings arc simpler 
and more exact; combinations of apparatus chicifly in connec- 
tion with polarized light, and never before effected, arc easily 
made; and from the facility of keeping the size, the instrument 
is not required for future additions of apparatus. 

Besides this, the stages arc made thin, to obtain as oblique 
light as possible, and a revolving plate, T, which is sometimes 
a convenience, is applied at the base of the pillars, ^.fhe dia- 
phragm is shown at L : it is mounted on a short piece of tube. 
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into which selenite ])hites may be fitted, so as to be revolved 
as occasion may require. 


SCAI.E OF AMATHUSIA VlOUSFIELDll. 


'i'll none; II tlie kindness of Air. I)e la. Rue, tlie author is 
enabhjd to furnisli his readers with plate x., in which is a 
JH!prcsentatioii of one of the charactei’istic scales of this 
l)uttcrfiy, as seen under a power of 825 diameters. The 
tbllowing account of the structure of* this scale has been 
given by Air. Dc la Rue, in vol. Hi. of The Trinisartiofis of 
the Mir.romtincol Soeietij : — 

‘^The outline of fig. 1 was first made with a [)ower of 250 
diameters, and by means of proportional S([uares enlarged to 
the size corresponding to the magnifying power produced by 
the tw(‘lfth ; a, scale of thousandths of an inch being set olV 
with the camera in each case, to affiml the standard of 
comparison. Tlie drawing was then corrected in detail, by 
portions set olf with the higher power, which were found to 
match the enlarged drawing with tolerable accuracy; in this 
way a very lair riqircsentation of the scale and its markings 
was jirodiiccd. The (?j'oss stria*, when viewed with a twelJ'tli 
of a. 110^ aperture, and illuminated with a ([iiartcr ol‘ 00'^, 
used as an achromatic condenser, and adjusted well to foems, 
came out under a power of 825 diameters In beadcil lincvS, on 
which protuhcraiiccs were distinctly seen ; these latter, when 
focused at their summits, appeared as brown dots. The 
longitudinal striic, under the same circumstances, have like- 
wise a somewhat corrugated a[)pearancc, but not so marked, 
and at the upper surface similar dots. In fig. 2 is r<*[)resented 
a portion of the stria? at the lower focus, as seen with a power 
magnifying nineteen -hundred liianuitcrs, though the drawing 
is made, for convenienec, to a scale of forty-four-hundred to 
one. The scale, when viewed from the under side with this 
power, exhibits the lower membrane as slightly undulating, 
probably from its being dry. 

Some persons havi? thought that the constricted npjiear- 
aiiee of the cross striir, just describeil, is due to the overlaying 
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t)igpiont cvWs ; Init this is not rorrect, as Mr. De la Rue has 
convinced himseH* by caretiil and repeated examinations, more 
especially from the under side, that tlie striie themselves an? 
really beaded ; it is true that the pii»in(mt-(Mdls correspond 
very exactly in position with the striie, which is very rimiark- 
able ; but, in some of the deeply coloured scales, there is a 
granulated appearance covering the entire surfac(j ol* the scale 
very uniformly, in which the constricted appearance of the 
stj-iai is even more tipparent. Hence it would appear that the 
peculiarity in the markings of the Antafkifsia llor.^aldii is 
due, not to their consisting of minute strales, but to the 
superposition of pigment-cells exa(‘tly over the beaded stria; ; 
the iransvei’se markings (;xhibitijig the appearanca^ most 
strongly." 


MOW TKST OlUIOC/rs. 

Since the last edition of the present work was published, 
two test objects, having extremely close and shallow undulating 
surlaces, have been employed by inieroseopic ol)S(‘rvers in- 
terested in this branch of iiupiiry. The first of these is 
from America, and is one of tlie Diabnnaccie termed (Jrarn- 
matophora mthf'tUsshna^ whilst the other is a Navicula, first 
employed by Amici. The utmost management with oblicpic 
illumination, and its precise direction with reference to the 
striiv, is necessary for their exliibition ; the observer must be 
prepared with plenty of patience, and provided with glass(;s of 
very large aperture, to recognise the striations. Mr. Ross’s 
object-glasses of of an inch focal length and 152 degrees 
of angular aperture, exhibit them satisfactorily. 


THE PRODUCTION OF ARTIFICIAL POLAIITZINO CUYSTAL8. 

11 V dis?^olving disulphati* of (piinine in acetic acid, and care- 
fully dropping into the solution a dilute spirituous solution of 
iodine, warming the mixture so as to rcdlssolve tlie precipitate 
first formed, a compound is prodii(*ed which has the remarkahh; 
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property of polarizing light, with a power superior to that of 
the tourmaline. 

By careful manipulation, ci-ystals have been obtained by the 
discoverer. Dr. Hcrapath, of Bristol, sufficiently large and 
transparent to be used as a polarizer, and have been adapted 
by liim to the field of the microscope ; all the usual pheno- 
mena of the polarizing microscope can be exhibited by means 
of this chemical combination of iodine and disulphate of 
([uininc. When these crystals arc examined by two Nicols' 
prisms or two tourmalines, it is also evident that at certain 
angles of rotation they possess the power of depolarizing light, 
and thus conduct themselves as a plate of selenite would do 
under the same cir(mmstanccs. 
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fossil infusoria, 300 

foraminifera, 310 

(Candlestick, loO 

Carmine, to feed infusoria Avitli, 395 
Cells, 

Hat, 28.5 

M. J. (^uckett's, 285 
Darker’s, 28.5 
111 in glass, 291 
coiicaA’C, 280 
Avbite lead, 280 
Valenti lie's, 280 
Holland’s, 287 
Topping's thin, 288 
Sluidbolt’s, 288 
tube, 202 
drilleil, 203 
built u]), 204 . 
box, 20() 

deep, to mount objects in, 297 
Ituincy’s, 208 
paper, 313 

to mount opaipic objects in, 322 
met 1)0(1 of cementing, 270 
witli and Avithout beat, 270 
Avitli marine-glue, 27o 
with Canada balsam, 273 
plate for, 271 

(’ellular tissue, Axgetable, 4ol 
Cements, 

japanner’s gold-size, 274 
scaling- Avax Aaniisli, 27 1 
as])lialtiim, 27.5 
(>auada balsam, 275 
diamond, 270 
electrical, 27(5 
niarinc-gluc, 275 
thick gum, 27(5 
Siiggitt’s liquid jet, 277 
coaclimakcr’s black v;irnish, 277 
lllack japan, 277 
Chamber, dark, 112 
Cliara, circulation in, 373 
habitat of, 382 
(fliarles, M., 

lenses (»l 34 


Cbeeac-mitc, 422 
Chevalier, 

microscope of, 3(5, 105 
achromatic object-glass of, 38 
Chimney of lamp, 153 
to clean, 158 
shade, 152 

Chipj)ings of AA'ood, 341 
ChromatiiA aberration, 159 
(Circulation of blood, 
to vicAV, 303 
ill fish, 360 
in frog, 307 
in tongue of frog, 370 
ill mammalia, 372 
Circulation in jdants, 373 
to view, 375 
in Chara, 373 
in Croundsel, 378 
in llydrocharis, 370 
in Nitella, 375 
ill Penstemon, 378 
in 'rradescautia, 377 
ill Vallisueria spiralis, 370 
Classification of objects, 300 
of auiiiial tissues, 41 1 
of vegetable tissues, 100 
Cleaning lamps, 151 
slides, 311 

ColiAVcb micrometer, 210 
C’oddington lens, 48 
Collomia seeds, (o view, 400 
Colours of ])olarizcd light, 245 
Compound microscojic, 1(53 
Compound acliromatic miiu'oscope, 
07, 107 
Yarlcy’s, 03 
Chevalier’s, 30, 105 
D.ancer’s, 00 
King’s, loo 

Nachet’s, 107, 350, 400 
Oberliauser’s, 100 
I’illischcr’s, 08 
Pistor’s, 103 

Powell and Lcalaiid’s, 74, 77, 78, 
80 

Ross’s, 81, 84, 405 

Schick’s, 102 

Smith and Beck’s large, 87 

smaller, 00 

student’s, 01 

improved, 500 

stand, parts of, 68 
ohject-glasscM, 71 
Compound body, 

met hod of mounting, 70 
Compressorium, 137 
Condenser, 

Wollaston’s, 112 
acliromatic, 113, 189 
to use, 180 
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Coinlonscr, 

• Koss’s, ll;j 
SiiiiMi’s, ll;‘> 

Abraham’s, ll‘j 
Shailbolt's, 205 
Uillctl/s, 207 
C(»ii(loiisin,i; Ions, 122 
small, 12:i 
(\»rals, lisl. of, 415 
Corks, loadoil, 350 
(’orrcotion of object-glass, 
boss's, 170 
(’oveiitry, 

micrometer of, 20y, 211, 217 
Covers of thin glass, 205 
(hystalli/ution of sails, to view, 440 
Ciiir, 

microscope of, 20 
micrometer of, 22, 210 
Culpeper, 

iuicrosco])e of, 20 
(’ultivation of ^vater-plauls, 330 
Currents iii llui<ls, to view, 451 
Custarice, 

wood sections of, 24 
Cn 111 belt. 

retlocting microscope of, 35 
Cuticles, 

vegetable, 4o0 

sili‘r«)us. vegetable list of, 400 
Cu 1 1 i ng-iiiacliiijc, 335 
'ropping's, 337 
I’orceps, 345 
boani for glass, 2ti2 
method of using, 203 
Cylinders, 

niouiiling objects on, 321 
Cynips, 12o 


1 ) 

l4A^•eJlK, 

microscope of, 00 
Dark cliamlier, 1 12 
stops, 123, 212 
Darker, 31 r., 

polari/.iiig apparatus of, 210 
inclluid of mounting objects, 317 
machine for cutting tluii glass, 
2(58 

cell, 285 
Deep cells, 

to mount objects in, 207 
1 Icrmostos, 

hairs of, 400 

DcsmidTcju, • 

to collect, 301 
method of mount iiig, Mr. 
Tlnvaiti's’s, 2^7 
Diamoiul, 
lens, 00 


Diamond, 

ecmeiit, 270 
glazier’s, 259 
writing, 201 
method of using, 260 
Diaphragm, 111 
Frencli. 125 

Directions, ju'climiiiary, 181 

Direct light, 193 

Discs, 

to mount opatpics on. 318 
Dissecting inslruiiieiits, 313 
forceps, 313 
cutting forceps, 345 
microtome, 345 
noeilles, 348 
iicedle-liolders, 349 
iion-entting, 349 
rests, 351, 351 
tnmghs, 319 
scabuds, 340 
scissors, 311 
spring scissors, 315 
Valentin’s knife, 317 
Dissecting Ions, 51 
1 lisst^cl.ing microscope, 

Naebet’s, 355 
Dowell's, 52 
portable, Sm;* >'s, 51 
lloss's, 55 

• --- Slack’s, 5t> 

— boss’s, 58 

— Valentine’s, Ou 

Smith and Deck’s, 02 

• — baspail’s, 03 

Dberhausor’s, 355 

Author’s, 359 

Dissection, 

of nerve, 359 
muscle, 3()() 
animal tissues, 353 
vegetable tissues, 352 
trachcie of insects, 301 
spiracles of insects, 302 
l)i villi Hiistaehio, 
microscope <d‘, 5 
doublet of, 28 
Dollaiid, 

achromatic telescope «jf, 33 
Doublet, 

periseopie, AVollaston’s. 28 
mieroseopic, AVollaston's, 30, 05, 
101 

Ilersehel’s, Si) ,1., 29 
Draw tube, 09 
Drebbcl, C'onioliiis, 2 
U' u rosenpe of, 3 
Drillcil cells, 293 

Drv motluul of mount ing ol»j^» i.^, 313 
(Jillotfs, 314 
paper cell, 310 
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Ducts, vegetable, 
list of, 403 
Dutch rush, 

to i)repare, 333 


E 

Edging Glass Slidks, 264 
Kggs of insects, 416 
Electrical cement, 276 
Elytra of insects, 416 
Epithelium, 
scaly, 439 
prismatic, 439 
ciliary, 440 

method of viewing, 410 
classification of, 444 
Erector, 125 

Fhiler, experiments of, 33 
Eyes, 

parts of, 436 
of insects, 417 
Eye-jiiece, 

Iluyghenian, 72, 168 
micrometer, 212 
to.A*lean, 484 


Fkkt of Insects, 417 
Ferns, 407 

Spores of, 407 
Fibre, 

woody, 403 

muscular specimens of, 437 
white and yellow, 437 
Fibro cellular tissue, '101 
Fish, 

circulation of blood in, to view, 
366 

apparatus for, 366 
scales of, 429 
troughs, 140 
Fishing tubes, 133 
Flat cell, 284 

E. J. Quekett’s, 285 
Fluids, preservative, 278 
acetate of alumina, 278 
chromic acid, 280 
Goadby’s, 278 
glycerine, 280 
solution of cresoie, 279 
s])irit and water, 278 
^riiwailcs’s, 279 
naphtha, 281 
salt and water, 280 
general directions for using, 281 
currents in, to view', 451 
Fluid to mount objects in, 282 
Focus, adjustment of, 183 
Fontana, 2 


Foraminifera, to mount, 310 
Forceps, 129 

Varley’s, 135 
E. J . Qucketi’s, 136 
dissecting, 344 
cutting, 345 

for holding pill boxes, 324 
Page’s, 313 
metal, 314 
Fossil, 

infusoria, 396 
method of preparing, 397 
list of, 412 
to mount, 309 
teeth, specimens of, 427 
woods, list of, 405 
Fraunhofer, 

object-glass of, 35 
French diaphragm, 125 
lamp, 151 
Frog. 

circulation of blood in, 367 
tongue of, circulation in, 370 
hit, circulation in, 376 
plate, 141, 368 
Fuss, Nicholas, work of, 33 


G 

Gillett, Mr., 

method of mounting objects drv, 
314 

condenser, 205 

illuminating ai)paratus of, 497 
Glass, 

best for microscopic purposes, 262 
cutting board fur, 261 
method of cutting slides, 263 
thill, method of cutting, 265 
thin, covers of, 265 
Glazier’s diamond, 259 
Goad by, Mr., 

dissecting microscope of, 58 
fluhl of, 278 
Goniometer, 

Leeson's, 251 
Itoss’s, 256 

Gorgonia, specimens of, 419 
Goring, Dr., 
lenses of, 26 

improvement in reflecting mi- 
crosco})C, 35 

test objects, discovery of, 38, 458 
Gray, Stcplicn, 

lenses of, 9 « 

iX'afer microscope of, 10 
simple reflecting microscope of, 
10 

fluid lenses of, 11 
GriiidcUus, 

microscope of, 8 
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(iroumlsel, circulaiion in, :iTS 
(liiano, to prepare, 398 
(lum cement, 27G 
Glycerine, ‘280 

and gelatine, 282 


J1 

Habitat, 

of cliara, 3S2 
nitclla, 382 
liydrocharis, 383 
Hairs, 341 

of animals, 432 
of hat, 407 
of insects, 418 
of mouse, 408 
of <lermestes, 469 
of plants, 4()0 
Hall, Chester More, Mr., 
object-glass of, 32 
Harvest hug, 422 
Herapath, j)r., 

artificial polarizing crystals of, 
503 

Ilcrschel, Sir J., 
doublets of, 29 
H ett’s 

microscope for injections, &c. 492 
Highlcy, Mr., 
lamp of, 489 
Hill, Dr., 

work of, 24 

Hints, miscellaneous, 483 
Holder, 

bottle, 143 
needle, 348 
Holland, Mr., 

triplet of, 31, 65, 162 
white lead cell of, 287 
Hood, for compound body, 147 
Jjister's, 147 
Leonard’s, 147 
Hoofs of animals, 433 
Hooke, Robert. I 

micrographia of, 3 
microscope of, 4 
Horns of animals, 433 

to make sections of, 341 
Hiiygliens, 2 

Huygheniau eye-piece, 168, 176 
Ramsden’s improvement on, 

176 

Hydras, to examine, 389 
Hydr^'haris, 

circulation in, 376 • 


Illumination, 

of objects, 186 


Illumination, 

transparent ditto, 1 86 
background, 194 
Illuminator, 

Gillctt’s, 49 
Wcnhimi’s, 116 
Amici’s, 204 
Indicator, 145 
Infusoria, 383 

to procure, 383 
localities for, 383, 393 
apparatus for collecting, 381, 385 
method of collecting, 387 
wheel, 394 

to feed with carmine, 395 
fossil, 396 

method of preparing, 397 
to mount in Ganaila balsam, 309 
fossil, list of, 412 
recent, list of, 411 
Injections, LiehLikuhn, 17 

of mucous membranes. 444 
Insects, 

circulation of blood in, 363 
trachea of, to disse«*t, 3(>1 
spiracles of, l,o disseett., 362 
preparations from, 2 
antonme, 4 1 6 
eggs of, 416 
elytra, 416 
eyes of, 417 
feet of, 417 
hairs of, 418 
mouth of, 418 
parasitic, 419 
itch, 421 
scales of, 423 
spiracles of, 423 
trachem of, 423 
stings of, 424, 
stomachs of, *4 24 
miscellaneous parts of, 424 
Instruments, 

dissecting, 343 
for cutting covers, 266 
non-cutting, 349 
Iron plate, 

for cells, 279 


Jackson, Mr., 

micrometer of, 213 
Jansen, Zacharias, 2 
Japanners’ gold-size, 27 i 
Jatropha oil, 154 


Kino, Mr., 

microscope of, 1 00 
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Knife, Valentin’^, 347 
Kingsley, llcv. W., 
jJIumiiiator of, .000 


Ti 

Lamp, 

camphinc, 498 
Frericli, 1.0 1 
1 1 ighloy’s gas, 489 
reading, 149 
sh;ide, 149 
to el can, 1.04 
ohimncy, to clean, 158 
Spencer's, 157 
s])irit., 305 
Leeson, Dr., 

goniometer of, 251 
Lc^'g-, iMr., 

experiments of, 241 
Lceiiwenlioek, 

mic.roseopc of, 0 
Lens, melliod of making, 5 
watehmaker’s, 50 
clisvsectiiig, 52 
single, 04 
<loul)let, 05 
diamond, (30 
C'ondeiisiiig, 122 
jewel, Sir 1). llrewstor’s, 20 
— Mr. IVitcliard’s, 27 
doiildet, Divini's, 28 
(roring’s, Dr., 20 
periscopic doiildet, 28 
Charles's, M., 34 
CNiddingtons, 48 
Stephen Dray’s, 9 
iliiid, Slcphcii Dray's, 1 
Leonani, ]llr., 

condensing lens' ol', 124 
hood for eoinpoLind hody, 147 
Lever stage, 

Alfred White’s, 88 
Lieherknhn, 120 

to illuminate hy, 199 
solar iriic.roseopc of, 1 4 
opaque mi<a’oscope of, 1.0 
hand microsiMqie of, Ki 
injections of, 17 
anatomical injections of, 18 
Light, 

adju.stment of, 182 
direct, 193 
obliipie, 194 
pohiri/ation of, 230 
Limpet, tongue of, 455 
Ijiues, 

micrometer, value of, 218 
cvc-piece micrometer, value of, 
* ^20 


Lister, Mr., 

achromatic microscope of, 30 ^ 
improveinent in ohjcct-glass, 39 
object-glass, 105 
liOadetl corks, 350 
liocalitics, 

for ehara, 382 
for infusoria, 383, 39,3 
for wlieel animalcule, 391 
Liicernal microsco]ic, 21 
Liici da camera, 14-1 


M 

Machine Cuttino, ,335 
Mr. To]»ping's, 337 
M agn ify ing powers, 

Hookes method to ohlain, 227 
linear measure, 225 
superficial measure, 220 
table of, 228 
Mammalia, 

circulation in, 372 
Maiiipulalion, 259 
Mariiie-glue, 270, 27.> 

Marshall, 

microsco])c of, 13 
Marlin, Benjamin, 
microsco]>e of, 22 
Measurement of olijects, 

with micrometer eyc-pie(M‘, 21. S 
with slago micrometer, 217 
obtained by camera liicida, 223 
Krojicb table of, 229 
Membrane, bascmcnl, 442 
Mercury biniodide, 153 
M icrograi)hia, 

Hooke’s, .3 
Micronieler, 20.0 
Adams's, 210 
cobweb, 210 
cobweb, 1o use, 223 
Culf’s, 22, 210 
Coventry's, 21 1, 229 
eye-pi ece, 212 
eye piece, to use, 222 
JackNon’s, 213, 229 
Martin’s, B., 210 
Boss's, 212 
slago, 211 

Micrometer lines, to find value of, 
ill cobweb micrometer, 221 
in negative eye-pieec micrometer, 
^21 8 

in positive ditto, 220 
in stage micrometer, 218 
Microscope, 

definition of, 1 
Adams’s, George, 23 



INT>EX. 


511 


M ii;roscopft, 

Adanm's, George, juii., 21 

Amici s rcHocling, 2i) 

anatomical, Licbcrknhii’s, 18 

yl^jinus’s, 34 

lloniuiui s, 8 

Culpeper rt, 20 

CuftX 21 

CJieviilier's, 30 

Culhbcrl,’s rellocting, 35 

Divini'rt, 5 

l)rcl)l)oVs, 3 

Grav’s, Slcpbcn (wntor), 10 
<irav’s, Steplvcii (rcllectiiig), lo 
Grimleliiiss^ 8 
Hooke's, 4 

band, Lieberkiilin’s, l(i 
«>pa(pie, liicberknljii's, 15 
solar, Lieberknhn’s, IJ 
Leeuwenhoek’s, (> 

Ineernal, 24 
^larshali’s, 13 
Martin’s, 22 
Kewt oil’s, Sir Isaac, 7 
Salvetii’s, (J 
Scarlett’s, 21. 

Wilson’s, .1., IT 
Wilson^fi, J., opa(pie, 12 
Wollaston’s, Hr., 30 
com\>onnd, 07, U)3 
compound achromatic-, 107 
Chevaliers, 105 
Dancer’s, 00 
King's, 100 
Oljcrhauser’s, 100, 355 
l*illi seller’s, ‘.)8 
IMstor’s, 103 

Cowell and Lcaland's, 74, 77 

- - largv%81 

portable, 78 

Iloss’s, 40, 81 
lio.^s’s ])orlablc, 84 
Scliiek’s, lti2 

Smith -lud Heck's large, ^7 

smaller, 00 

tor students, 91 

Varlcv’s, 93 

iinio*(§vements in, by IT. Cowell, 
42 

.!, Smith's, 43 

iinproveincul.s in, by (J. Varlcy, 
44 

parts of stand, OS 
use of, I'Sl 

* riiiAibcr inannraetiircd, 40 ^ 
poiiket, 47 
sim]>lc, 47 

- magn i I'y i ng powers of, 04 
cyc-picces of, 72 
object-glasses of, 71 


Microsco] )c, d isseet i iig. 

Author's, 358 
Goailby's, 58 
NacUet’s, 357 
( Iherhauser's, 355 
Cowell ami Lealaml's, 52 
lioss's, 58, 59 
IJoss’s portable, 55 
Haspail’s, 03 
Smith and Hock’s, 02 
Slack's, 50 
Valentine's, Oo 
M ieroscopic. ol »jcct s, 

classi Oral ion of, 399 
algsc, InO 
animal ohiecls, 1 1 1 
ilncts, 403 
ferns, In? 

libro-celliilar tissue, Ini 

haii-s. too 

hard tissues, 405 

cheese mite, 421 

mosses, 4 00 

month of insects, 4 IS 

rapid des, 102 

see<ls, JOl ,, 

s]>ocimens of musenlar fibre, 437 
siliceou cuticles, 4 00 
spiral NC'iseJs, 402 
spores of hn-ns, lo7 
vegclabb; cnt.irles, 100 
vegetable cellular tissue, |i»t 
woods, sections of, 4o3 
woods, fossil, 405 
Microtome, 315 
.Minerals, specimens of, 153 
Mirror, 73 
steel, 145 

Miscellaneous objecis, 40S 
Morbid structures^to examine, 150 
Mounting, 

animal strncfnrcs, 307 
foramiinfera, 3lo 
fossil infusoria, 30!) 
sert lulls of wood, 301?, 310 
Mounting oljects in Canada balsam, 
301 

metal forceps l\)r, 3tll 
iieccssar\ a])]i:ir.ilus hn-, 3' ' 
Cage's forceps tor, 3o;’» 

Monnling objects in iloMlry way, 318 
Darkc'r's method, 317 
Gillott’s method, 31 1 
Moioiting objects in Ibiid, 283 
Mounting o}»a«pie l ojeets, 318 
in cells, 322 
on cylinders, 321 
on discs, 31 S 
in pili boxes, 323 
on slides, 321 
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Mouse hair, 461 
Movement stapfe, 60 
Mucous membrane, 438 

method of examining, 443 
injoctJons of, 444 
Muscle, to dissect, 360 
classification of, 437 


N 

NaCIT13T, M., 

microscope of, 1 07 
dissecting microscope, 357 
chemical microscoj)e of, 400 
oblifiuc prism of, 119 
camera liicida of, 232 
Navicula Angulata, 474 
hippocampus, 473 
Needle, 

point, 305 
dissecting, 348 
holders, 349 
Nerve, to dissect, 359 
Newton, Sir Is.‘iac, 

reflecting microscope of, 9 
Nitella, 

circulation of, 375 
habitat of, 882 
Nohort’s test s, 475 

illuminator of, 203 
Non-cutt ing instruments, 349 


O 

Orerhaitser, 

dissecting microscopes of, 356 
Objects, 

idassificalion of, 399 
jneasureriicnt of, 21 7 
vegetable, list of, 400 
miscellaneous, 408 
animal, 411 

transparent, to view, 182 
opaque, 185 
illu mi nation of, 186 
test, 458 

transparent, to illuminate, 186 
02 )aquc, to illuminate, 196 
method of mounting, 2S3, 301, 
313, 318 

to mount in fluid, 283 
apparatus for, 284 
to mount in Canada balsam, 301 
necessary apparatus for, 302 
to mount in flat cells, 285 

thin glass cells, 291 

concave cells, 286 

white lead cells, 286 


Objects, 

ill the dry way, to mount, 313 

Mr. Oillctt’s, 314 

Mr. Darker s, 317 

for polarized light, 447 
Object-glass, 

achromatic, Chester More Hall’s, 
32 

fluid, Sirl). Brewster’s, 34 
achromatic, Amici’s, 35, 39 
Fraunhofer’s, 35 
Tullcy’s, 36, 165 
achromatic, Chevalier's, 38 
improvement in, J. J. Lister’s, 
39, 105 

inq)rovemcnts in, ditto, by A. 
Boss, 41 

of microscope, 71 
correction ot’ 170 
lrii»lc, 41 

method of adjusting, 479 
to clean, 481 
Oblique light, 194 
Oil for lamps, 154 
Jatropha, 151 
Opaque objects, 

to illuminate, 196 
method of mounting, 318 
on discs, 31 8 
on cylinders, 321 
on slides, 321 
in cells, 322 
in pill boxes, 323 
to illuminate by condensing lens, 
196 

by condensing lens, Hooke's 
method, 198 
by side reflector, 1 98 
by Lieherkuhn, 199 
Sir D. Brewster's met hod, 189 


Baoe’s Forceps, 303 
Paper cells, 316 
Panisitic insects, 419 
Penstemon, 

circulation in, 378 
Phial-holder, 143 
I*ill boxes, 

to mount objects in, 323 
forceps for holding, 324 
I^istor’s microscope, 103 
Plants, 

hairs of, 400 
circulation in, 373 
chara, 373 

method of viewing, 375 
nitella, 374 
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IManU, 

hydrocharis, 37G 
groundsel, 378 
vaUisiicria spiralis, 370 
peiisteinon, 378 
atpiatio, to cultivate, 380 
riiny, 1 

Pocket microscope, 48 
Powell’s, 

Pod lira, scales of, 435 
Point, needle, 3(i4 
Portalile microscope. 

Smith, 54 
Ross, 55 

compound achromatic micro- 
scope, Powell, 71 
ditto, Uoss, 81 
lamp, 1 55 

Polarizat ion of light, 
origin of tenii, *23(> 
apparat.us for, ‘238 
mode of using ditto, ‘23t> 
advanj/agcs of, 250 
cause of colours of, 245 
Legg, Mr., cx 2 )crimciit.s of, 241 
Darker, Mr., apparat u.s of, 249 
ohjeets for, 448 
Polarizing apparatus, 120 
crystals, 503 
I’olyps, trougliH for, 140 
Position of microscoi»e, 181 
I’owell, 11., 

improvements in microscopes, 4*2 
Powell and LcaUmd, 

compound achromatic micro- 
.scopo, 74, 77, 78 
ditto <litto, largo, SO 
dissecting’ microscope, 52 
achromatic condenser, 1 13 
Powers, magnifying, 158 
Preliminary directions, 181 
Prci>arations, animal, list of, 411 
pTg^rvativc fluids, 27-8 
sjiirit and water, 278 
acetate c*’ alumina, 27<S 
erroosote solution, 279 
Mr. Thwaites’s, 279 
glycerine, 280 
Goailhy’s, 278 
chromic acid, 28t) 
salt and satcr, 280 
naphtha. 281 
method of using, 281 
Prism, Dujardin’?, 118 
• achromatic, 1 19 

Nachet'.s oblique. 1 19 
Pritchard, A., 

jewel lenses of. 
works of, 44 
Ptolemy, 2 


Q 

Quek^itt, K. J., 
forceps, 1 30 
flat colls, 284 

method of mounting oiKiquo Dis- 
jects in pill boxes, 323 
forcei>s for ditto. 321 


it 

Uainky’s Cki.ls, 298 
Kamsden, 

eyepiece of. 73, 170 
riiii>hidos, 40’2 
Haspail, ti3 
Jteatling-lami^ 149 
He-;igcnt, 184 
Record, 2 

Itcdi, Dr. Francis, 2 
Reflector, side, 127 
Rcsti^, for dissecting, 351, 35 k 
Ro.ss, Andrew, 

iirst microscope of, 40 
object-glass of, 41 
improvement in ditto, 41 
compound microHeopc, 81 
ditto, ditto, ])ortal)le, 84 
dis.seeting ’•acroscope, po? blc 
55 

single microscope, 58 
achromatic coudousor, 113 
correction of ohjcci-glass, 17o 
goniomclor, ‘250 
Ross, Mr. Thomas, 

iJUM’hliie for cutting thin glas.'^ 
209 

Rotifers, 

to procure, 394 
Rush, Dutch, 

to prepare, 333 


i Salts, 

I cry.stallization of, 449 

i Sal vet ti, 

microscope of, 0 
Scales, 

of Amatliiifiia Horsfieldii, ;.i-J 
of fish, 429 

of Hipparcliia janira, 409 
of insects, 423 

I of Pontia iirassi'*'i, 470 

j of Polyouniiatuf. avgiolus, 47u.- 

I of J’odiira, 4 70 

of Jaq)i.-ma, 472 
(Jnat's wing, 472 
Mcnelaiis, 473 
Scali)ols, 340* 
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Scarlett, 

microscope of, 21 
Scissors, 

dissect 344 
sprini?, 345 
to slisirpen, JMf> 

Seal! 111 ^- wax varnish, eenicnt, 274 
Sections, 

of hone, to make, 325 
teeth, to make, 32t< 
sliell, to inak(*, 33)1 
woo<l, to make, 33.5, 33S 
hair, to make, 341 
horn, to make, 311 
ve.i(chihlc tissjie, to make, 332 
of wood, list of, 404 
woo<l, to mount, 34 
hone, to mount, 328 
teeth, to mount, 330 
•Seeds, testa of, to view, 409 
(kdlomia, 400 
•Selenite »st.age, 449 
•Scliyucs, 

experiments of, 3d 
Seneca, 1. 

Shadl )lt, (f.. 

apparatus for infusoria, 384, 3S5 

maki 11 !^ cells, 288 

iustnimciit for euttiii^i: thin p^Iass, j 
2()’7 

annular oondenser of, 2t»5 
Shade, 

lamp, 1,50 
chimney, 153 
•Shell, 

specimens of, 428 
sections, to make, 331 
•Sehiok's microscope, 102 
•Side reflector, 127 
Siliceous, 

vef^etahle skeletons, to prepare, 
333 

cuticles, list of, 400 
Simple microscope, 47 

ruaifiiifyin;^ powers of, 04 
Sinafle lenses, 04 
•Skin, s])ecimens of, 435 
Slack, 

disHcetinjjj microscope of, 50 
Slides, 

edging’ of, 204 
label ling of, 480 
mctlnxl of cleaning, 311, 484 
mounting objects on, 321 
Smith, J., 

microscope of, 44 
portable dissecting microscope, 
54 

Smith and Beck, 62 

achromatic compound micro- 
scope, 87, 501 


Smith and I lock, 
smaller, DO 

improvt'd smaller, .501 
student's microsco]»c, IH 
achromatic condenser, 11,5 
j •Spherical ahorratiion, 159 
I Spencer, Mr., 

lamp of, 157 

apparat us for infusoria, OSO 
Spider, 

circulation of blood in, 303 
wort, circulation in. 377 
Spiracles of insects, 423 
to dissect, 301 
•Spiral vessels, 402 
Spirit lam]>, 3i55 
•Spores of ferns. 407 
•Spring scissors. 34.5 
•Spimgcs. list of, 413 
•Stage, 

movement. 09 
TuitcH’s, 70 

lever, .\irre<l White's. 80 
Stand. 

compound microscope, parts 
of, ()8 

Starch, 4(>2 
•Steel mirror, 14.5 
Stems, structure of. 339 
»S| i ngs of i nscci s, J 2 1 
•Stomachs of insects, 12 1 
•Stops, dark, 128, 202 
Structure of stems, 339 


'I' 

Table, 

of magnifying powers, 22S 
of Freiieh measures, 229 
Teeth, 

specimens of, 427 
fossil, specimens of, 428 
.'Sections of, to make, 32!# 

<Iitlo ditto, to mount, 330 
Tclcseoj^e, Dollaml’s, 33 
Test objects, discovery of, 38 
method of examining, 479 
of, 407 

Testa of seeds, to view, 409 
Tc.st.s, A’^oherl.’s, 440 
Thwaites, Mr., 

method of mounting Desinidicn*, 
* . 

Tissues, 

animal, to dissect, 353 
vegetable, to dissect, 352 
hard vegetable, to make sections 
of, 332 

ditto ditto, list of, 405 
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Tuuai'uc, 

ol’I'rog, oimihUion in, ‘.^Tn 
oriinniei, 45i) 

of wliflk, 4r)4 

Tojipii);;', Mr., 

of, .‘>:57 

(rouichs for (lis'scotiiii?, :>IU 
tliiii oclls, 21»1 
'rr;ici»(ja.', 

lo (lissi'iM, 3<i7 
of iiisocts, 42.‘i 
'J'niiisparcut. (jhji'cfs, 
to view, l.yj 
lo illiijjiiiijifo, 1S(> 

Triplet, lloll.-ind's, -SI, tl.O, 1()2 
'I’riphi olijcct i;l:iss, 4U 
'J’nMin'lis. 

f(»r i»oh ps, 1-tn 
for I \'2 
Tube, 

cells, 
driiw, (J!» 
lishin^', 

TulUsv, Mr., 

objocl'^'liiss of, o<) 


V 

I'SK (»F MjOHuSCoI'H, ISI 


V 

V.\lkntin’s KftJi’H, {{47 
VrllCIltilK', 

dis.soctinc: niicrosoopc of, 6b 
Avliito load cell, 2>S6 
V'allisncria, ciroilatioii in. i)7b 
to kco]), O.S2 
Varlcy, (^'inclins, 

ini]»n»\eim;nts in microscopes, 14 
coinponml iniscro.scoi>c of, 1'*. 
f<ircci»>, 1^15 
X'cgetable. 

scMdioij.N of, to make. -3b’2 
skeletnois, siliceous, to j)reparo, 

ciilicle.s, list of, 4()i) 
cellular tissue, 401 
filu-o cellular tissue, 401 
s{)iral Nc.ssels, l02 
ducts, -4o;i 


iviia.‘,i w. n. I'ox 


Ve.iretalde tissues. 40() 
Ut dis.se< l, :>r»2 
Viviani. :> 


W 

WAT<'n MAKKll'S oO 

AVeedtJU, Mr., 

instnnneuls of. ^40 
Wells, dark, 12S 
AVciiJiaui, Mr., 

illuiniuator of. 116 
new medium ft)r mountin'; oh- 
■jeets in, 2S‘2 
Whalebone, 
to cut, 211 
Wheel aniniacule, 

localities for, 601 
Whelk, foni;ue nf. lal 
Wliite, Alfred, 

lever staj^-e, S!) 

Willmms, .Mr. .lohn, 

apparatus Ibr infusoria, 3t^i» 
Wilson, .1., 

mi(‘roseope of, 11 
opaipic mieroseoj)c of, 12 
Withorin;;, J)r., 

inicroseopc .»f, 25 
Wolhwton, Dr., 

mieroseopo of, 60 
doublet of, JJt), t>5, 161 
pcnscoi)ic doublet of, 26 
Wood, 

euttings of, by Custaneo, 24 
cliippings of, 641 
sections «)f, lo malvC, 335, 338 
ditto ditto, to mount, 340 
Ke«*tions of, lisl^ of, 401 
Woods, fossil, li);") 

Woody fibre, list, of, 103 
Woodward, ^^r., 
work of, 24t) 

Writing ilianiond, 2t)l 


Z 

Zaun, .Tkas, 

Witrk of, 0 
Zoophytes, 

list of, 41.5 


"i, <*ri*at IJu(‘cn-st,roi*t. 








13 . 

“^•y-TFmgirs 



578/COX 



10669 





